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THE MATHEMATICAL THEORY OF THE TOP.* 

Lookine over such famous old books as 
Montmort’s ‘ Analyse des jeux de hasard’ 
or Moivre’s ‘ Doctrine of Chances’ one re- 
grets that so much excellent mathematics 
should have been wasted on games most of 
which are wholly obsolete. Coriolus in his 
‘Jeu de billard’ (1835) fared better, for 
the game is still very much alive and its 
dynamical terrors unsubdued. In even 
greater measure is this true of the top. 
The top has been everybody’s toy and must, 
therefore, at one time or another have 
piqued everybody’s curiosity. Lagrange, 
Poinsot, Jacobi, not to mention other great 
names, have in their turn paid tribute; 
yet the top may be set spinning to-day, un- 
hampered by a completed theory to ac- 
count for its evolutions. 

Among recent contributions we may refer 
in particular to Professor A. G. Greenhill’s} 


* noteworthy papers, in which the algebra- 


ically accessible or pseudo-elliptic cases, 
such in which the integrations are possible 
in terms of circular functions, are worked 
out in full. Physicists will be grateful to 
Professor Greenhill for the concrete exhibi- 
tion given of this complex motion. The 

* Lectures delivered on the occasion of the sesqui- 
centennial celebration of Princeton University, by 
Felix Klein, pp. 1-74, edited by Professor H. B. 
Fine. New York, Charles Scribner’s Sons, 1897. 

t Greenhill : Applications Elliptic Functions, Proo. 
Lond. Math. Soc., 1895, 1896 ; Engineering, July, 
1896, 
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unique method of presentation adopted— 
all the curves being worked out in form of 
stereoscopic diagrams—endows his results 
with an objective reality ; and when one 
remembers that these complex curves reach 
only especially simple cases of gyroscope 
motion, one may get some notion of the 
difficulty of the problem involved. 

Turning now, from Greenhill’s necessarily 
cumbersome equations for the approachable 
part of the problem of rotation, to Klein’s 
. little book, one is astonished in finding the 
most general aspects of the subject treated 
almost without computation and in so 
little space. This astonishment, however, 
is in a manner relieved on learning that the 
discussion remains formal throughout, that 
much of it is epitomized, many proofs 
sketched in, and that the reader is sup-, 
posed to be thoroughly versed not only in 
dynamics, but familiarly conversant with 
the theory of complex variables, with 


elliptic integrals and functions particularly 
in reference to their derivation from # and 
«-functions, their generalization in terms of 
automorphic functions, and to be as well 
read as possible in the geometry of hyper- 


space. Thereviewer, who makes no special 
pretense to these accomplishments, has 
taken up Klein’s remarkable book, since it 
professedly appeals to physicists and has 
groaned through it. He ought, therefore, 
at the outset to confess to a feeling of hos- 


tility because of its unbending mathemat- 


ical aloofness. In a book with a professed 
missionary purpose it is not unreasonable 
to expect just a little condescension in favor 
of the kind of mathematics with which 
physicists are, as a rule, more familiar. 
Judicious annotation either on the part of 
Professor Klein himself or by Professor Fine 
would have speeded the propagandist. I 
doubt whether everybody will ‘at once’ 
recognize the elliptic integrals of pages 28, 
29 as being normals of the third type, par- 
ticularly when the notation of Legendre 
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and Jacobi is different. It would have cost 
but little to give the expanded form of the 
o-function. If the reviewer is not incorreet, 
Weierstrass’s original notation was in terms 
of Abelian functions. The tremendous de- 
velopment of elliptic functions is out of 
proportion with their application to natural 
phenomena. Meeting them rarely one for- 
gets them. Memory peters out like the 
infinite series of a #-function. Mathemati- 
cians will do well to observe that a reason- 
able acquaintance with theoretical physics 
in its present stage of development, to men- 
tion only such broad subjects as electricity, 
elastics, hydrodynamics, etc., is as much 
as most of us can keep permanently assimi- 
lated. It should also be remembered that 
the step from the formal elegance of theory 
to the brute arithmetic of the special case 
is always humiliating, and that this labor 
usually falls to the lot of the physicist. 

To return from this paroxysm to the 
splendid research under discussion, let us 
note first that Klein begins his analysis 
with the top spinning on a sharp friction- 
less pivot, so that a simple point in the 
axis (not the center of mass) is fixed. To 
this special case the first three lectures are 
devoted. In the fourth the restriction is 
cut loose. Klein’s method is to consist in 
a far-sighted choice of coordinates, and the 
first lecture is, therefore, a comparison of 
available systems with their mutual trans- 
formations. The Cartesian definition of 
three movable in terms of three fixed coor- 
dinates with a common origin in the fixed 
point, by the 9 direction cosines considered 
as functions of time, is first taken up. 
The corresponding transformation scheme 
is thereafter expressed in terms of Euler's 
4, g, ¢, parameters; in terms of the rota 
tional or quaternion parameters, and f- 
nally in terms of Klein’s new parameters, 
which are introduced as follows: 2, y, % 
and X, Y, Z, being the coordinates of given 
points on a fixed and a movable sphere, re 
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spectively, each of radius r and in congru- 
ence, the variables ¢ and Z defined by the 
ratios 

ete rts 


r—z «—iy’ 


_A+ttY r+ 
" Cue Lomth 


will be parameters each of which determines 
a point on the fixed and movable spheres, 
respectively. The unique advantage of 
these non-symmetrical parameters is that 
when the movable sphere (supposed fixed 
in the body) rotates, the relation of the 
parameters S and Z is a linear equation of 
the form 

aZ + 8 

yL+ 


r 
>» 


where « and 0, y and / are conjugate imagi- 
naries. These quantities connected by the 
equation ad — fy =1, together with ¢, are 
used as variables specially adapted for 
treating the top problem. Hence a scheme 
of orthogonal substitution and a direct ex- 
pression of the new parameters in terms of 
the Eulerian and rotational parameters is 
fully developed. The lecture. closes with 
an even broader interpretation of ¢ for the 
case when a and 7, f and ¢ are not conju- 
gate, and time (¢) for convenience in the 
theory of fanctions is also considered com- 
plex. 

Starting on more familiar ground, the 
second lecture begins with a direct attack 
of the problem of rotation of a body (top) 
about a point other than its center of mass. 
Klein uses the expression for kinetic and 
potential energy in terms of Eulerian speed 
coordinates, the three corresponding La- 
grangian equations of motion and the law 
of the conservation of energy to reduce the 
rotation to the following succinct specifica- 
tions: Let #, g, ¢ be the Eulerian coordi- 
nates and put cos =u. Let U be a poly- 
nomial of the third degree in u, involving 
besides only integration constants J, n, h, 
and the (maximum and therefore constant) 
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static moment of the top with respect to 
the fixed point. Then 


du n—lu du 


t= 


YU’ = i—e# YU’ 


; 1—nu du 
$= Sie vor 

so that the motion is completely given (La- 
grange) in terms of quadratures. Unfor- 
tunately, however, these integrals are 
elliptic and, except in the special cases 
worked out by Professor Greenhill, do not 
admit of algebraic treatment, while the 
2d and 3d integrals are, beyond this, com- 
plex in type. Jacobi, to whom the intro- 
duction of elliptic functions is due, was 
thus able to make an immense stride for- 
ward by expressing the Lagrangian inte- 
grals u, ¢. ¢, and therefore the equivalent 
cartesian direction cosines, as (one-valued ) 
%-functions of time ; but while the direction 
cosines thus become much simpler time 
functions than the integrals, they are far 
more complicated than Klein’s parameters 
a, 8,7, % Itis the object of the remainder 
of Klein’s brilliant research to show that 
these quantities are the simplest possible 
elliptic time functions compatible with the 
conditions of the problem. 

Riemann’s conformal representations are 
naturally selected as the appropriate method 
of treatment. The first integral (¢) is ap- 
proached by mapping out “ U on the plane 
of complex u. The surface obtained is two- 
leaved, consisting of two positive and two 
negative distinct half sheets which cross 
along segments of the real axis between the 
1st and 2d root of cubic U, the 3d root and 
infinity. 

A corresponding conformal representa- 
tion is now made on the plane of complex 
time, defined by the first integral above. 
It is shown that as u moves through the 
real axis, in the u plane, ¢ for a single half 
sheet of the “U surface describes a rec- 
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tangle in the ¢ plane, whose position and 
sides (periods) are determinate when the 
time integral is made definite. Four ad- 
jacent and congruent rectangles in the ¢ 
plane correspond to the four half sheets of 
the Riemann surface. Finally for any 
march of u around the segments between 
successive roots of U, ¢ receives a constant 
increment, such that the complete image in 
the ¢ plane covers the whole infinite ¢ sur- 
face with congruent adjacent rectangles 
which nowhere overlap. Hence the im- 
portant conclusion is accentuated that 
whereas for each point u there correspond 
an infinite number of values of time (f), 
for each value of¢ there corresponds but 
one value of u, and hence u like “U are 
single-valued, doubly-periodic elliptic time 
functions. 

Klein next takes up the relations of ¢ 
and ¢ tot, a problem much more complex 
but one in which he scores his most signal 
triumph. Introducing his own parameters 
a, 8, y, 9, already defined in terms of Euler’s 
coordinates, Klein obtains normal integrals 
- of the third type without further reduction, 
while the four logarithmic discontinuities 
are assignable, one each to log a, log 3, logy, 
log 2, with a common logarithmic discontinu- 
ity at w= o. The transformation thence to 
exponentials (2, 3, 7, 2) is equivalent in 
Klein’s interpretation to a passage from 
elliptic integrals to elliptic functions, and 
now he is able to avail himself of the quo- 
tient of two «-functions (each of which 
contains null-points only), together with an 
exponential time factor to fully express his 
parameters. They severally vanish for 
u= +7 and became o for t= 0, one in 
each parallelogram of periods. Finally 
the 9 direction cosines known in terms of 
a, 8,7, are, therefore, also expressed in 
term of quotients of o-functions. 

Having thoroughly unveiled the charac- 
ter of his parameters 2, 8, y, 4, Klein pro- 
ceeds with their application. The Z pole 
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of the moving sphere is preferably selected 
for tracing top curves. At this point 
Z= o, and, therefore, the paths on the 
fixed sphere become = a/y. Hence ¢ too 
is at once expressible as a single quotient 
of single valued o-functions, together with 
an exponential time factor. An essential 
simplification has thus been achieved over 
all preceding methods. Hermite in his 
treatment of the stereographic projection 
of the Z pole needed functions as complex 
as products of Klein’s functions, while even 
in the hands of Jacobi the first degree of 
complexity reached only the specialized 
case of a Poinsot motion, 7. ¢., rotation rela- 
tive to a fixed center of mass. 

A point of cardinal interest in this lecture 
is the investigation of the rolling and the 
fixed cones (polhode and herpolode of the 
top motion), which, by Poinsot’s theorem 
are adapted to describe all rotations about 
a fixed center. The object in quest here is 
an expression of the rotation about the in- 
stantaneous axis, or preferably of the com- 
ponent rotations about the three movable 
axes, X, Y, Z, fixedin the body in terms of 
Klein’s parameters a, 9, 7, 2; %. ¢., virtu- 
ally to refer the rotation to the axes 2, y, z, 
fixed in space. The results again show the 
remarkable adaptation of the new param- 
eters to the problem in hand. When the 
three principal moments of inertia are equal, 
both polhode and herpolode turn out to be 
elliptic plane curves of the first degree. 
Thus both polhode and herpolode of the 
top’s motion would be polhodes of two cor- 
responding Poinsot motions ; recalling the 
theorem of Jacobi that the motion of a top 
may be expressed as the relative divergence 
of two Poinsot motions. 

Finally the motion of the polepoint, al- 
ready briefly sketched for motion in real 
time, is resumed, in relation to complex 
time, to fully bring out the power of the 
elliptic functions «a, 2, 7, 4. Attention is 
first given to the parallelogram of periods in 
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the tplane, in order to show the limits 
traced by the pole point on the ¢ sphere. 
Indeed, the investigation is advantageously 
thrust back a step further by considering ¢ 
as the image of the corresponding four half 
sheets of the “U surface. It is hardly 
possible to follow Klein through this in- 
yolved discussion here without reproducing 
his figures and computation in full. Suffice 
it tosay that the stereographic projection 
ofthe ¢ image from the top(z=r, =) 
of the z axis, on the zy plane, is mapped 
out in correspondence with the parallel- 
ogram of periods on the plane of complex 
time, or for each point of the two positive 
and negative half sheets of the “U sur- 
face. 

The lecture concludes with a demonstra- 
tion showing that a free body in hyperbolic 
non Euclidian space may be so fashioned as 
in real time to carry out the actual motions 
of the top. The form of such a body and 
the forces which actuate it are specified. 
Klein lays great stress on the beauty of this 
generalization. 

In the fourth lecture, as already inti- 
mated, the top is set spinning on a hori- 
zontal plane with its point of support free 
to roam at pleasure, so that the top now 
has 5 degrees of freedom. In any case, 
however, the horizontal motion of the 
center of mass is uniform, and this point 
may, therefore, without essential restriction 
be considered fixed. But if the origin of 
coordinates be taken at the center of mass 
the problem returns to 3 degrees of freedom, 
with the difference that a new term equiva- 
leat to its vertical motion must make its 
appearance in the expression for kinetic 
energy. Hence a new treatment of the 
equations of motion is necessary, and if 
Eulerian coordinates be again introduced 
the method sketched in the 2d lecture is 
applicable throughout. The result for ¢, 
?, ¥ now, however, lead to hyperelliptic in- 
tegrals, as for instance, 
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(where s is the distance between the cen- 
ters of support and of mass and P the 
static moment), with a corresponding 
increase of the difficulty of the prob- 
lem. The two new roots in the in- 
tegrand thus make the corresponding 
Riemann surface two-leaved with six-branch 
points ; but Klein shows that the param- 
eters a, 8,7, 2 are again singularly adapted 
for the treatment of the present case, with 
this fatal difference, that for a single point 
in the ¢ plane there correspond an infinite 
number of value of vu. Hence as u is no 
longer a single valued function of ¢, it be- 
comes necessary to seek a new function of 
which complex ¢, <, f, 7, ¢ shall all be single 
valued dependents. Such functions are the 
automorphic functions (7) obtained from 
elliptic functions by generalizing their perio- 
dicity. Thelineofargumentabove can now 
be broadened; construct in the 7 planea 
rectangular hexagon which is the image of 
a half-sheet of the Riemann surface on the 
u plane, and which on reproduction covers 
the plane of complex 7 conformally and 
simply. Then to each point on the 7 plane 
there corresponds a single point on the 
Riemann surface ; or 

u, YU, V1+Ps—Pri, a, 8,7, 2, 
are all single valued functions of 7, Thus 
7 quite replaces the ¢ in the special case, 
and Klein carries out his analogies in de- 
tail by expressing the automorphic functions 
in terms of quotients of what he calls 
prime forms. Hence a, f, y, ¢ are now 
given in terms of quotient of simple prime 
forms of 7-functions, while they were above 
given as quotients of simple -functions. 
The full geometry of the case is not carried 
out in these lectures, however, and Klein 
regrets that the development of the auto- 
morphic functions has recently fallen into 
abeyance. 
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The reviewer is aware that with all en- 
deavor he has given but an imperfect ac- 
count of this remarkable book. That 
Klein’s researches constitute a splendid 
advance in the dynamics of the rotation of 
a rigid body there can be no question. 
One cannot but hope that the outline given 
in these Princeton lectures may soon be 
expanded and put in shape more easily 
assimilable by persons moderately versed 
in the theory of elliptic functions. The 
boon of an appropriate lemma is ideal gen- 
erosity, and not even a mathematician can 
scorn its almost mathematical elegance. A 
man may be a thoroughgoing soldier 
enough on land; but put him in the foot 
ropes of the flying jibboom in a storm, and 
he is apt to cut a most ludicrous figure. 
Shift a physicist’s foothold of Cartesian dif- 
ferential coefficients, suspend him over an 
' abyss of non-Euclidian space, and he will 


kick sturdily. Poor policy this, for a mis- - 


sionary ! 
Cart Barvs. 
BRown UNIVERSITY, PROVIDENCE, R. I. 


THE TRANSMISSION OF RADIANT HEAT BY 
GASES AT VARYING PRESSURES.* 

Berore describing my own investigations 
on the transmission of heat by gases, I shall 
refer briefly to the classical work of a some- 
what similar nature by MM. Dulong and 
Petit early in the present century, ‘ Re- 
searches on the Measure of Temperatures, 
and on the Laws of Communication of 
Heat,’ Ann. of Phil., 1819. 

In their researches on the ‘Communica- 
tion of Heat,’ Dulong and Petit used as the 
cooling body a very large thermometer bulb 
filled with mercury, and as the recipient of 
the heat a large copper bulb or ‘ Balloon’ 
about three decimeters in diameter, in the 
center of which the thermometer bulb was 

* Abstract of a paper read before the American As- 


sociation for the Advancement of Science, August 10, 
1897. 
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placed. The copper balloon was coated 
with lamp-black on the inside, and kept at 
any desired constant temperature by means 
of a water-bath or melting ice. The ther. 
mometer tube was of such length as to 
bring the zero of the scale outside the bal. 
loon ; and the thermometer was adapted to 
be removed, heated and quickly replaced, 
air-tight. The balloon was connected with 
an air-pump capable of rapidly exhausting 
it down to about two millimeters pressure, 
and also with a gas-holder from which it 
could be quickly filled with the gas whose 
cooling properties were to be determined, 
The rate or ‘ Velocity’ of cooling of the ther- 
mometer bulb was deduced from obser- 
vations of the falling temperature at equal 
intervals of time. 

With this apparatus Dulong and Petit 
made many carefully conducted experi- 
ments at differences of temperature be- 
tween the thermometer and balloon rang- 
ing as high as 300 degrees; and with sey- 
eral different gases besides air, ranging in 
pressure from atmospheric to two milli- 
meters. From the results of these experi- 
ments they deduced several laws of cooling 
which they held to be general in their 
application. They sharply divided the 
cooling into two parts: that due to convec- 
tion—the actual contact of the surrounding 
cooler gas renewed by its own currents, and 
that due purely to radiation—the same as 
would oceur in an ‘absolute vacuum.’ 
They derived a constant value for the lat- 
ter, and values for the former varying with 
different gases and different pressures. 
They generally used the thermometer bulb 
naked, with its natural vitreous surface, 
but sometimes they silvered it. While 
this radical change in the character of sur- 
face greatly changed the loss of heat due to 
radiation, it apparently had no effect on 
that due to convection. 

MM. Dulong and Petit fell into the grave 
error of deducing the behavior of the last 





few millimeters of gas from that of the 
rest. In this way they arrived at the fol- 
lowing ‘Sixth Law:’ 

‘The cooling power of a fluid diminishes 
in a geometrical progression when its ten- 
sion itself diminishes in a geometrical pro- 
gression. If the ratio of this second pro- 
gression is 2, the ratio of the first is 1.366 
for air; 1.301 for hydrogen ; 1.431 for car- 
ponic acid, and 1.415 for olefiant gas.”’ 

My own observations show that this law 
can be approximately trae only in the case 
of a large balloon, an‘ at pressures from a 
few millimeters upward. There is no sug- 
gestion of it when a small balloon is used, 
and at small pressures it does not obtain 
with either large or small balloons. 

It was through misplaced confidence in 
their Sixth Law that Dulong and Petit 
were led to place a value on the rate or 
velocity of cooling in vacuo, something like 
a hundred per cent. too high, and as they 
derived the cooling values of gases by de- 
ducting the cooling effect of a vacuum from 
the total cooling observed, all their values 
for gases are much too low. 

Other experimentalists, also, have studied 
the transfer of heat by air and other gases 
at various pressures. Kundt and Warburg 
(Pogg. Ann., 1874-5), and Winkelmann 
(Pogg. Ann., 1875-6), observed that the 
rate of heat transmission remained sub- 
stantially constant through a long range of 
diminishing pressure, and then decreased 
with further exhaustion. But as they made 
no measurements of pressure below one 
millimeter (1316 millionths of atmospheric 
pressure), their results have no quantitative 
value for low pressures. 

Crookes, in his paper, ‘On Heat Conduc- 
tion in Highly Rarefied Air’ (Proc. Roy. 
Soe., 1880), described a similar experiment 
in which he carried the pressure measure- 
ments as low as 2M. (two millionths). 
From the {all in the rate of heat loss which 
oceurred between the pressures of 760 milli- 
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meters and 1 millimeter, and 5 M. and 2M., 
he concludes: ‘‘ We may legitimately infer 
that each additional diminution of a mill- 
ionth would produce a still greater retard- 
ation of cooling, so that in such high vacua 
as exist in planetary space the loss of heat 
—which in that case would only take place 
by radiation—would be exceedingly slow.” 

In this conclusion Mr. Crookes was, I 
think, wrong. I find that the curve repre- 
senting the rate of cooling does not break 
down materially at pressures as low as a 
twentieth of a millionth. 

My own investigations on ‘The Trans- 
mission of Radiant Heat by Gases at Vary- 
ing Pressures’ form a part of a general 
study of the properties of high vacua, in 
which I have long been engaged. 

In the course of my work it became 
necessary to know how much of the heat 
communicated by a good radiating body at 
ordinary temperatures, to a neighboring 
body at aslighly lower temperature, through 
an intervening gas, is transmitted by the 
so-called ether, and how much by the gas; 
and whether any of that transmitted by the 
gas is communicated otherwise than by the 
process of convection. Also why, and to 
what extent, do the gases differ from each 
other in their heat transmitting capacities. 

In the drawings herewith, Fig. 1 is a 
diagram of the apparatus used in my ex- 
periments. A is the thermometer whose 
cooling was observed. It has a very open 
scale divided into two-tenths degrees C. 
The zero point is placed a long distance 
(about 170 millimeters) above the bulb, for 
obvious reasons. The bulb is cylindrical, 
about 20 mm. long, and about 7 mm. in 
diameter, and is coated with lamp-black 
applied with a very thin alcoholic solution 
of shellac. After several hours’ baking at 
100 degrees in a good vacuum, this bulb 
gave constant radiation results. The ther- 
mometer is suspended by a platinum wire, 
with its bulb in the center of the large 
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pear-shaped glass bulb B, about 112 mm. 
in diameter. The stem of the thermometer 
hangs freely in the long neck of the large 
bulb. I shall hereafter call the glass bulb 
B the ‘large radiation bulb,’ or simply the 
‘Jarge bulb,’ to distinguish it from a smaller 
one used later. The bulb B is surrounded 
by a copper tank C, lagged with woolen 
doth, and filled with crushed ice and dis- 
tilled water. A wire netting C’ serves to 
keep some of the ice always below the low- 
est point of B. The tank C is movable on 
vertical guides, whereby it may quickly be 
raised to, or lowered from, the position 
shown, thus exposing the bulb B alternately 
to the ice bath and the atmosphere of the 
laboratory. The bulb B communicates 
freely with the large barometer tube D, 
which is used for measuring all but very 
small pressures. E is a standard boiled 
barometer, dipping into the mercury cistern 
F, common to both barometers. G is a 
McLeod gauge giving very accurate meas- 


urements of small pressures, and H is a 
drying bulb containing phosphorous pen- 


toxide. The glass stopcock I serves to ad- 
mit other gases than air. The mercury 
valve K prevents any leakage backward 
from the pump when the latter is stopped, 
during observations. Exhaustion is effected 
by an automatic Sprengel pump having five 
fall tubes. L is a fine cathetometer placed 
in front of the whole apparatus, and by ro- 
tation on its vertical axis is adapted to read 
the McLeod gauge, both barometers, and the 
thermometer. It has a vertically divided 
scale with veruier and microscope, for read- 
ing the barometers, and a micrometer for 
reading the gauge. A watch N is mounted 
close beside the thermometer on a sliding 
frame, so as to be easily kept in the field of 
view of the cathetometer telescope when 
the latter is used to observe the falling 
temperature, 

Before using this apparatus, I always 
exhausted to a good vacuum and heated 
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the bulb B by means of a water-bath, and 
all other vacuous parts by means of an air 
bath, to 100 degrees for several hours. This 
was found necessary in the first instance 
with air, in order to divest the inner glass 
surfaces of that portion of their coating of 
adherent gas most easily given off in a 
vacuum. This gas was pumped out, and, 
not being principally air, was not largely 
reabsorbed when air was admitted. With- 
out this precaution I was unable to obtain 
constant results at very low pressures. 
When other gases were tried successively, 
the preliminary heating prevented gas from 
one operation attaching itself to the glass 
and remaining to contaminate the succeed- 
ing gas at very low pressures. 

I next introduced the proper gas up to 
atmospheric pressure and made a prelimi- 
nary cooling of the thermometer by raising 
the ice tank C. This preliminary cooling 
was found to have a slight effect on the 
readings next following, and was done to 
make the first set of readings on any day 
entirely comparable with the others. I 
then lowered the ice tank, and, when the 
temperature had raised to 18 degrees, 
stirred the ice and water thoroughly, raised 
the tank again, and observed the thermom- 
eter through the telescope—noting by the 
watch N the instant when the falling mer- 
cury passed each degree of the scale. Then, 
with the ice tank still up, I noted the pres- 
sure by measuring with the cathetometer 
the difference in height of the barometer 
columns in D and E. The barometer D 
showed that the gas in the radiation bulb 
cooled nearly to zero with very great ra- 
pidity when the ice tank was raised. I 
always measured pressures with the radia- 
tion bulb cold. It was usual to repeat the 
whole operation to confirm results before 
reducing the pressure by the pump. 

Observations were thus made at pressures 
varying from atmospheric down to the best 
vacuum obtainable. In some instances 
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many series of observations were made at 
varying pressures all within the last mill- 
ionth. The gauge could be relied upon to 
measure these small pressures with very 
great accuracy ; but it was difficult to main- 
tain them long at an exactly constant value 
on account of the continual, though slight, 
evolution of gas from the glass of the ap- 
paratus. 

As I desired only comparative results, no 
correction was made for the probable slight 
inequalities in the callibration of the ther- 
mometer; nor for heat conducted to or from 
the bulb by the stem ; nor for the change of 
zero point due to changing external pres- 
sure. The mercury fell exactly to zero at 
atmospheric pressure, and about one-fiftieth 
of a degree lower at no pressure. The pres- 
sure error due to differences of capillary de- 
pression in the two barometers was ascer- 
tained at high exhaustions, and found 
nearly constant. It was always corrected. 


The different gases used were carefully pre- 
pared and dried, and were introduced quite 
free from any admixture with air. 

My observations have extended over a 
long period, and are far too voluminous to 


be recorded here in detail. But I have em- 
bodied their most salient features in a series 
of curves which render them readily appar- 
ent totheeye. In these curves the abscissae 
represent the pressure, and the ordinates 
represent the rate of heat transmission 
through the gas, from the thermometer bulb 
to the ice-cold envelope. The rate of trans- 
mission at any particular pressure is ex- 
pressed by the reciprocal of the number of 
seconds required for the temperature to fall 
through a given number of degrees. For 
convenience of scale, all the reciprocals are 
multiplied by 500. 

Fig. 2 shows the curve for air. The 
heavy line represents the rate of cooling 
from 15 degrees to 10 degrees. Itisin three 
sections, A, Band C. Section A embraces 
the whole range of pressure from nothing to 
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atmospheric ; section B embraces the range 
of pressure from nothing to .01 of atmos 
pheric ; and section C embraces the range 
of pressure from nothing to .0001 of atmog- 
pheric, i. e., 100 M. (one hundred mill. 
ionths). Atmospheric pressure is taken at 
760 mm. Thus it will be seen that section 
B is the last hundredth of A, magnified a 
hundred times; and section C is the last 
hundredth of B, magnified a hundred times, 
This magnification of the abscissae without 
change of the ordinates, enables us to study 
every part of the curve with ease. The 
small circles represent the points in the 
curve established by observation. These 
points are shown exactly as found, without 
any attempt to smooth out rough places in 
in thecurve. The same is true of the curves 
of other gases. The heavy dotted line par- 
allel with the base indicates that portion of 
the total heat transmission due to the ether ; 
while all above it represents that due tothe 
air. 

Starting at the left-hand end of section A, 
representing the rate of heat transmission 
at atmospheric pressure, we observe that 
the curve drops regularly at a rate faster 
than the diminution of pressure during 
ninety-five per cent. of the whole range of 
pressure from atmospheric to zero. Beyond 
this point the rate of heat transmission re- 
mains substantially constant, as shown by 
section B and the latter part of A, down to 
a pressure of about .0003—a range of nearly 
ninety-nine and a-half per cent. of that re- 
maining. Here the curve suddenly begins 
to drop again, and falls steadily, as shown 
by section C and the latter part of B, until 
it meets the ether line at the zero of pres- 
sure, 

Under the curve A, I have drawn curves 
with finer lines, representing the rate of 
heat transmission at smaller differences of 
temperature between the thermometer and 
ice bath. As before stated, A represents 
the cooling from 15 degrees to 10 degrees. 
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On the same scale a represents the cooling 
from 9 degrees to 6 degrees ; aa from 6 de- 
grees to 4 degrees, and aaa from 3 degrees 
to 2 degrees. Now, Newton’s law of cool- 
ing requires that the rate shall vary directly 
with the difference of temperature bet ween 
the cooling body and the surrounding me- 
dium. While this law is known to be in- 
correct for large differences of temperature, 
it is generally accepted for very small differ- 
ences. If it were correct under the condi- 
tions of the present experiment, then the 
ratios of the times required for the temper- 
ature to fall through the several ranges 
above indicated would all equal unity, and 
the curves A, a, aa, aaa would coalesce. 
But they are very far from doing this. It 
will be observed that all of these curves 
preserve their relative values very closely 
indeed, until they approach the point of 
pressure where the curve A reverses itself; 
then they begin to bunch themselves very 
much closer together, especially the lower 
ones, and shortly reach a greatly reduced 
as well as varied ratio of values which they 
retain substantially unchanged to the end, 
as shown in connection with section C. To 
avoid confusion of lines, I have omitted the 
secondary curves corresponding with sec- 
tion B. 

Carbon monoxide was chosen for com- 
parison with air, because its absorptive 
power for radiant heat is many times 
greater, while its specific heat is almost ex- 
actly the same. The principal curve, repre- 
senting the rate of heat transmission from 
15 degrees to 10 degrees, differs very little 
from that of air. It showsa slightly better 
rate than air at very small pressures; not 
quite so good a rate as air at intermediate 
pressures; and the same rate at atmos- 
pheric pressure. But the curves a, aa, 
aaa, representing equivalent amounts of 
cooling at smaller temperature differences, 
are materially unlike those of air. At high 
pressures they have about the same ratio 
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values as with air; but the ratio diminishes. 
much less gt-intermediate and low pressures; 
that is to say, the curves remain furthep 
apart. It is equally noticeable that the 
curves aa, aaa retain their full relative 
ratio values at low pressures, while with 
air they nearly coalesce. 

It was thought that ethylene might trans- 
mit heat more rapidly than air, because of 
its much higher specific heat. But it does 
not do so. Its curve has the same form 
as those of air and carbon monoxide. It 
transmits heat nearly as well as air at at- 
mospheric pressure, but not nearly so well at 
intermediate pressures. At a very few mill- 
ionths, however, it conducts a trifle better 
than air. The curves a, aa and aaa have 
the same characteristics and about the 
same ratios as those of carbon monoxide. 

Hydrogen was next tried, on account of 
its very low coefficient of viscosity, as well 
as its very high specific heat. While in 
general form the hydrogen curve resembles 
the air curve, all the ordinates are im- 
mensely increased. It is noticeable that 
the intermediate section B of the curve lies 
much nearer A than C, quite different from 
its relative position in the curves of the 
other gases. This section of the curve 
shows that hydrogen retains about two- 
thirds of its initial heat transmitting power- 
at a pressure nearly two hundred times 
smaller than does air. The curves A, a, 
aa and aaa have something like the same 
ratios as they have in the cases of carbon 
monoxide and ethylene. In general, it may 
be said of hydrogen in the large radiation 
bulb, that it transmits heat nearly four 
times as fast as air at atmospheric pressure ; 
more than twice as fast at a very few mill- 
ionths, and more than seven times as fast 
through a long range of intermediate pres- 
sures. 

As evidence of the accuracy of the ob- 
servations on which the curves thus far 
described are based, it is gratifying to note 
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that the vacuum, or ether line, locates itself 
exactly the same in all. 

In making the above described observa- 
tions, I looked for some change in the phe- 
nomena when the exhaustion reached the 
point at which the mean free path of the 
gas molecules equalled the distance between 
the thermometer bulb and the cold walls of 
the enclosing globe. This should have 
been at a pressure of about two millionths. 
No such change was observable, however, 
in any case. Partly in pursuance of the 
same idea, I resolved to repeat some of my 
experiments, using a very much smaller 
radiation bulb. This I expected-would also 
reduce that portion of the total cooling 
effect due to convection currents. I accord- 
ingly employed the bulb of tube P, Fig. 1, 
in my futther experiments. This is made 
from a thin glass tube slightly less than 20 
millimeters internal diameter, and in it hangs 
the same thermometer A which was used 
before. In transferring the thermometer 
great care was taken to avoid any dis- 
turbance of the coating of lampblack on its 
bulb. At b is a contraction of the tube P, 
to prevent the thermometer bulb swinging 
against the inside of the tube. The con- 
traction b is, however, much larger than 
the thermometer stem, so that normally the 
latter does not touch it. The thermometer 
bulb hangs exactly in the center of P, near 
its bottom, and is separated from it by a 
space of a trifle more than six millime- 
ters—almost exactly a quarter of an inch— 
instead of two inches, as in the case of the 
‘ Large bulb.’ The tube or bulb P, I shall 
hereafter designate the ‘Small radiation 
bulb,’ or simply ‘Small bulb,’ to distinguish 
it from the large one. 

The curve for hydrogen, with the small 
bulb, differs radically in size and form from 
that obtained with the large bulb. Section 
A, instead of drooping rapidly with. decreas- 
ing pressure, maintains almost full value 
throughout. Section B starts with nearly 
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double its old value, but breaks down much 
earlier. Section C starts with a little higher 
value, but is much straighter, and conse- 
quently has a lower value throughout most 
of its length. The curves a, aa, aaa are very 
peculiar. They start at atmospheric pres- 
sure with much smaller total and very dif- 
ferent relative ratios than before, and are 
successfully absorbed into A. They reap- 
pear later, however, but with small ratios, 

Fig. 3 gives the curve for air, with the 
small bulb. It differs from that with the 
large bulb quite as much as did the hydro- 
gen curve. Section A droops slightly, and 
regains almost its full atmospheric value 
at one per cent. pressure. Section B has 
the same form as with the large bulb ( Fig. 
2), but more than double its value; and 
section C also has a much higher value 
throughout. The curves a, aa, aaa have 
small ratio values at the beginning, and are 
absorbed into section A, the same as with 
hydrogen. But aa and aaa coalesce when 
they reappear, and coincide to the end; 
while the ratio between a and aa remains 
constant at a very small value. 

The curve for carbon dioxide, with the 
small bulb, closely resembles the air curve 
in form, but has a very much smaller value 
throughout. While the curves aa and aaa 
are soon united, and remain so to the end, 
a and aa never disappear as they did in the 
cases of hydrogen and air. 

With the small bulb, as with the large, 
no change in the character of the phenom- 
ena was observable when the exhaustion 


had reached the point at which the mean 


free path of the molecules equaled the space 
through which the heat was conducted. 
This point was reached in the small bulb at 
a pressure of about fourteen millionths. 

It seems reasonable to assume that the 
radical difference between sections A of the 
curves obtained with the large and small 
bulbs respectively was due to an almost 
complete suppression of convection currents 
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in the latter case. In the absence of con- 
yection currents that part of the heat 
transmitted by the gas was probably car- 
ried by a process analogous to conduction 
in solids. The shortness of conductor in 
the case of the small bulb may account for 
the greatly increased rate of conduction. 
But why the conductivity of a gas remains 
nearly constant through a very wide range 
of pressures is not clear. Mr. Crookes’ ex- 
planation of this phenomenon seems to me 
very unsatisfactory. 

It will be noticed that the ‘ Ether line’ 
is about four per cent. lower with the 
small bulb than with the large one. This 
may be due to the greatly decreased amount 
of surface presented by the small bulb for 
absorption of the radiant heat. 

The enormous heat-conducting capacity 
of gases at very small pressures is strik- 
ingly shown in all the curves. But hydro- 
gen is preeminent in this respect. Thus, 


in the large bulb, hydrogen at a pressure of 


only twenty-six millionths of an atmos- 
phere transmits heat as rapidly as the 
ether. At seventy-six millionths it equals 
air at atmospheric pressure ; that is tosay, 
it does the work of nearly two hundred 
thousand times its weight of air. 

It is remarkable that at pressures up to 
a few millionths, all the curves are nearly 
straight lines. This is especially noticeable 
in the small bulb curves ; showing that at 
these small pressures the heat-transmitting 
power of a gas varies directly with its 
amount. Hence it seems reasonably cer- 
tain that if the very small fraction ofa 
inillionth of the gas examined, which re- 
mained at the end of each experiment, 
could have been entirely removed, the heat 
transmitting power of the vacuum would 
not have been materially diminished. It 
was customary at the end of the experi- 
ments with each gas to close the gauge 
permanently when the pressure had fallen 
toa tenth of a millionth or so; and with 
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the capacity of the whole apparatus thus 
reduced, run the pump continuously from 
one to two hours. Several sets of observa- 
tions were always made during this ex- 
treme exhaustion; and while the change 
in the rate of cooling of the thermometer 
was generally appreciable, it was always 
very small indeed. In my earlier experi- 
ments I took the greatest care to insure the 
absence of mercury vapor in the final 
vacuum. But the presence or absence of 
mercury vapor made no difference distin- 
guishable from the errors of observation. 

Of course, the best vacuum producible by 
a Sprengel pump still contains many thou- 
sands of millions of gas molecules per cubic 
centimeter. This may be regarded as a- 
prodigiously large or exceedingly small 
quantity of gas, according to our point of 
view. While it has no apparent effect on 
the general heat-transmitting capacity of 
the vacuum, it does seem to interfere with 
or modify some function of the ether. This 
is the only explanation of certain phenom- 
ena that I can offer. I refer to the differ- 
ent behavior of the vacua with different 
residual gases, and in different sized bulbs, 
in the matter of adherence to, or departure 
from, Newton’s simple law of cooling. The 
curves a, aa, aaa illustrate these differences 
in the several cases at the extreme end of 
section C of the principal curves. These 
differences are too large to be attributed to 
errors of observation. This is one of sev- 
eral reasons which lead me to suspect that 
at higher pressures all the gases examined 
interfere materially with and retard the 
transmission of heat by the ether. In other 
words, I suspect: that the dotted ether line 
of my curve sheets should not be drawn 
parallel with the base, and have a constant 
value at all gaseous pressures, as shown, 
but should have a decreasing valve as the 
gas pressure rises from zero. On this in- 
teresting phase of my subject I hope to 
have more to say at a future date. 
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Fig. 4 is an air curve plotted from figures 
given in Dulong and Petit’s paper. It is 
drawn to such a scale that the rate of heat 
conduction at atmospheric pressure is the 
same as in my own experiment with air in 
the large bulb, and illustrated in Fig. 2. The 
first five stations in the curve are the ones 
from which they deduced their ‘Sixth Law’ 
of cooling. The rest of the curve is drawn 
in accordance with that law, and the vac- 
uum line represents exactly the value they 
assigned to the cooling power of an absolute 
vacuum. Comparison with Fig. 2 shows 
how much they erred in their deductions. 

Astady of the curve embodying the re- 
sults obtained with a mixture of three vol- 
umes of hydrogen, and five volumes of 
carbon dioxide in a small bulb, shows that 
the carbon dioxide interfered very greatly 
with the performance of the hydrogen. Be- 
fore any exhaustion was made, the hy- 
drogen alone would have done more than 
three times the work of both gases. It was 
not until the pressure had fallen to about 
one hundred millionths that both gases 
combined, did as well as the hydrogen 
would have done alone. Below this pres- 
sure both gases contributed to the result. 

This interference of mixed gases is a 
very interesting phenomenon, and seems 
to warrant the careful investigation which 
it is my intention to give it. 

CHARLEs F, Brusa. 

CLEVELAND, O. 


THE BREEDING OF ANIMALS AT WOODS HOLL 

DURING THE MONTH OF MARCH, 1898. 

THrovucs the courtesy of the United States 
Commissioner of Fish and Fisheries, several 
naturalists have been enabled to make use 
of the equipment of the Biological Station 
at Woods Holl during the past month, and 
the following notes may be of interest to 
those who contemplate pursuing lines of in- 
vestigation at either of the marine labora- 
tories : 
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The water has swarmed with animal life, 
and many forms rarely or never captured 
during the warmer months have been found 
in abundance. Breeding animals have 
yielded rare embryological material, and all 
forms of life have had great vitality, due 
probably to the low temperature of the 
water. The temperature of the water has 
ranged from 38 F. at the beginning of the 
month to 43 F. on the 30th. Its specific 
gravity has varied from 1.0232 to 1.0236. 

Among vertebrates the winter flatfish 
(P. americanus} has been taken in large 
numbers, and spawning individuals have 
yielded an abundance of embryos and 
young. The clustered eggs of the small 
sculpin (Acanthocottus ceneus) have been 
taken from nets and from sea-weed, and 
the young have been conspicuous in the 
Auftrieb. The surface towings have also 
yielded young of the common cod (@. cal- 
larias), eggs of which were hatched at the 
Station during the earlier portions of the 


month. Young cod, from one-half to three- 
fourths of an inch in length, have been 
found feeding exclusively upon Copepods, 
and associated with them were the some- 


what larger pollock ( Pollachius virens). The 
Gadidz have also been represented by nu- 
merous adult‘ frostfish’ ( Microgadus tomeod), 
though the breeding period of this species 
isin December. The young of the sand- 
launce (Ammodytes americanus), from one- 
half to one inch in length, and of the eel 
(A. chrysypa), from two to two and one-half 
inches in length, have also been taken. The 
pipe-fish (Siphostoma fuscum) was not exam- 
ined, though it was found in Narragansett 
Bay with eggs and with young March 22, 
1897. 

The ‘ alewife’ or spring herring (Pomolo- 
bus pseudoharengus) has begun to enter the 
fresh-water streams from the sea, though it 
has not yet begun to deposit its eggs. 

Several Crustacea are already breeding. 
The green crab ( Carcinus granulatus) is car- 
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rying about its orange-colored clusters, and 
Mysis has its brood-pouches distended with 
embryos. Several species of Amphipods 
bear eggs. One of these is a large light- 
colored species, apparently in the height of 
its breeding season; thousands have been 
captured in small traps baited with fish. 
Associated with this amphipod and cap- 
tured in the same manner, though not 
breeding, were numerous examples of the 
Isopod, Cirolana concharum. Enormous, 
bright-colored Caprellas were dredged in 
the ‘Sound,’ and many eggs were taken. 
Crangon vulgaris is breeding, of course, and 
it would be interesting to learn when this 
species is not pregnant. Palemonetes vul- 


garis, Virbius zostericola and Hippolyte pusiola 
have been frequently taken, the latter with 
eggs. The Eupagurids (E. Bernhardus, E. 
longicarpus, E. policaris and E. annulipes), 
though showing enlarged ovaries through 
their transparent body-walls, have not ex- 


truded their eggs. The same may be said 
of Gebia afinis and Callianassa stimpsoni, 
many individuals of which were taken in 
Narragansett Bay on March 8th, of the 
present year. 

Limulus has not yet approached the 
shore, though a single specimen was taken 
in a fyke-net at Waquoit on March 25th. 
No Cirriped larve have been taken. On 
January 3, 16 and 22, 1896, great 


numbers of these nauplii were taken at. 


Bristol Narrows, R. I., and on February. 
14th they were still common, though not 
so abundant. Of course, Copepods have 
formed a large proportion of the organisms 
taken at the surface, and they appear to be 
even more abundant than during the sum- 
mer months. Volumetric data respecting 
the Plankton are much desired, though the 
efficiency of the ordinary methods for se- 
curing Plankton will be materially affected 
by the annoying presence of a gelatinous 
alga, which quickly renders the net all but 
useless. 


SCIENCE. 


(N.S. Von. VII. No. 171, 


Vermes.—Having seen myriads of Nereis 
virens swimming in the shallow water of 
the shores of Narragansett Bay, and hay- 
ing collected several hundred specimens on 
March 23,1897, when the water was actu- 
ally colored with the extruded eggs and 
spermatozoa, we were not surprised to find 
several individuals swimming about at 
Woods Holl. The eggs of this species 
have not been carefully studied, though 
they offer some interesting features to those 
at work upon cell-lineage. Specimens of 
immature eggs were taken on January 
29, 1896, and at Bristol Narrows on 
March 26th of the same year there were 
scores of ‘spent’ males. The height of 
the breeding season, then, is probably dur- 
ing the earlier and middle portions of the 
month of March. Annelid larvz of other 
species have been abundantly taken both 
in January and in February. 

Heteronereis limbata was found at Woods 
Holl, swimming about on the surface, in 
broad daylight. The males, on examina- 
tion, proved ripe. Autolytus cornutus was 
frequently taken with eggs, and Harmothe 
and Lepidonotus appeared to be almost ripe. 
Chetopterus, Rhynchobolus, Maldane, Sthene- 
lais, Trophonia, Clymenella, and Phascolosoma 
were collected, but not in sufficient num- 
bers to definitely determine their sexual 
condition. Sagitta was excessively abun- 
dant, and the large clear eggs could easily 
be seen through the transparent integu- 
ment. 

Mollusca. — Cephalopod mollusks have 
not arrived, and time has not permitted 
the examination of the Lamellibranchs. 
The .egg-capsules of the smaller Gastro- 
pods, so abundant later in the season, were 
conspicuous by their absence. Naked mol- 
lusks of gorgeous coloring were dredged in 
the ‘hole’ and‘sound.’ Doto coronata, Folis 
bostoniensis and Alderia harvardiensis were the 
most abundant species ; the two latter are 
breeding in the laboratory. 
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Echinoderms.— There is every indication 
that April will be an excellent time for one 
who wishes to secure an abundance of Echin- 
oderm material, either for embryological or 
for experimental study. The star-fish are 
approaching sexual maturity. The most 
attractive eggs are those of the ‘ sand-dol- 
lars’ (Echinarachnius parma). Bushels of 
this echinoid were dredged off Quick’s 
Hole. The eggs readily fertilize and de- 
yelop normally. The first cleavage oc- 
curred two hours after fertilization; the 
gastrulation occurred in from 30 to 36 
hours. ‘Plutei’ from embryos hatched on 
March 22d were raised without difficulty, 
and are now, at the end of the month, still 
living. I regret that observations on the 


breeding habits of the Holothurians were 
not made. 

Coelenterates.—The wealth of Ceelentarete 
life found during this month is bewildering 
and distracting. Ctenopores (adult Mnemi- 
opsis and Pleurobrachia) hydro- and seypho- 


medusze abound. The Ephyra and young 
of Aurelia were taken at Waquoit in count- 
less numbers and lived in the laboratory 
from the 16th to the close of the month. 
On March 30th the calm surface of the 
water in Great Harbor. was literally 
spangled with the slightly protruding dises 
of Cyanea. The piles and rock-work of the 
‘basin’ are covered with breeding ‘ Hy- 
droids’ of Coryne, Clava and Parypha. The 
dredge has brought up Sertularia argentea, 
laden with eggs, and, most beautiful of all, 
enormous specimens of T'ubularia couthouyi. 
The expended hydranths of this species are 
as large as ‘bachelor’s buttons,’ and are 
borne upon a stalk several inches in height. 
They literally droop with their burden of 
ripe gonophores. The young are possessed 
of remarkable vitality and would make 
excellent material for experimental work. 
Tima formosa, though abundant in Narragan- 
sett Bay from January to March in 1896, 
has not thus far been seen either in the 
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‘Sound’ or in Buzzards Bay. Metridium, 
Sagartia, Haleampa and. Astrangia have been 
taken, though an examination of their re- 
productive glands has not been made. 
Grantia is not abundant, and the individuals 
collected were small and apparently imma- 
ture. H. C. Bumpvs. 


THE ANNIVERSARY MEETING OF THE AMER- 
ICAN ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE. 

THE local committees for the Boston meet- 
ing—the fiftieth anniversary to be cele- 
brated from August 22d to 27th—have now 
been arranged, and contain the names of a 
greater number of men of science and men 
interested in science than could probably 
be secured in any other city of the United 
States, not excepting New York and Wash- 
ington. His Excellency, Roger Wolcott, 
Governor of Massachusetts, is Honorary 
President of the Committee; Colonel Henry 
L. Higgenson is the Honorary Treasurer 
and Professor Thomas Dwight, Professor Al- 
pheus Hyatt. and Professor E. C. Picker- 
ing are the Honorary Secretaries. The 
chairman of the reception committee is 
Dr. J. R. Chadwick ; of the committee on 
rooms for meetings, Professor Charles R. 
Cross ; of the committee on invitations for 
foreign guests, Professor H. P. Bowditch ; 
of the committee on excursions, General 


+Francis H. Appleton; of the Cambridge 


committee, President Chas. W. Eliot ; of the 
Salem commitee, Hon. Robert S. Rantoul, 
and of the executive committee, Professor 
William T. Sedgwick. The Local Secretary 
is Professor H. W. Tyler, Massachusetts In- 
stitute of Technology. 

Professor F. W. Putnam, President and 
until the meeting Permanent Secretary, bas 
prepared the following letter calling atten- 
tion to the meeting: Early in the-year 
1897 the Boston Society of Natural History 
appointed a committee to take the initiative 
in extending an invitation to the Associ- 
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ation to hold its Jubilee Meeting in Boston. 
Later, the Governor of Massachusetts and 
the Mayor of the city of Boston united with 
the various scientific and educational insti- 
tutions of Boston and vicinity ina cordial 
invitation to the Association to hold its 
anniversary meeting in the city of its birth. 
This invitation was accepted at the Detroit 
meeting. 

The Boston Local Committee is now or- 
ganized ; and the names of the distinguished 
men and women included in this Commit- 
tee is a guarantee that everything will be 
done to make the meeting a successful one, 
both in its scientific and its social aspects. 
Ali realize that this anniversary gives prom- 
ise of being the most important scientific 
gathering ever held in the United States, 
and that the celebration of fifty years of 
science in America is an occasion worthy 
of the best efforts of the city. 

Many foreign scientists will be invited to 
take part, and many foreign educational 
and scientific institutions will undoubtedly 
send delegates, thus giving to the meeting 
an international character. 

During the Association week and the 
days immediately preceding, a number of 
affiliated societies will meet in Boston, in- 
cluding the American Forestry Association, 
the American Geological Society, the Amer- 
ican Chemical Society, the Society of Eco- 
nomic Entomologists, the Society for Pro- 
moting Engineering Education, the Society 
for the Promotion of Agricultural Science, 
the American Mathematical Society and 
several other important bodies. 

The officers of the Massachusetts Insti- 
tute of Technology and of the Boston So- 
ciety of Natural History have generously 
placed their halls and rooms at the disposal 
of the Association ; and thus accommoda- 
tions will be furnished for all the Sections 
and for the General Sessions in three closely 
adjoining buildings. 

The Corporation of Harvard University 


has invited the Association to be its guest 
for a day in Cambridge, and the Essex In- 
stitute has arranged for a day in Salem, 
There will also be an excursion in the har- 
bor and, after the meeting, trips to the 
White Mountains and to Cape Cod. Mem- 
bers who were present at the last Boston 
meeting, in 1880, and at the Salem Meeting, 
in 1869, will recall many pleasant memo- 
ries of those occasions, when the impor- 
tance of the scientific gatherings was ri- 
valled only by the enjoyment of the social 
entertainments. 

Believing that every member of the As- 
sociation will wish to attend its fiftieth an- 
niversary, all those whose names have 
dropped from the roll are earnestly re- 
quested to renew tlteir membership, either 
by paying back assessments and having 
their names replaced on the role under their 
old date of election or by re-election. 

It is my hope that at least a thousand 
new members will be elected by the Coun- 
cil before the Boston meeting, and I beg of 
each member of the Association to aid me 
in accomplishing this, my last request as 
Permanent Secretary. There are in every 
community many men and women engaged 
in scientific work who should be invited to 
join the Association; and there are many 
more qualified to become members who 
would find in the meetings of the Associa- 
tion the very incentive they need to de- 
velop their love of scientific work. I ear- 
nestly appeal to every member to make 
known the objects and character of the 
Association, and to aid in securing such an 
increase of membership as shall make this 
fiftieth anniversary a marked event in the 
history of the Association. 

Nominees for membership will be consid- 
ered at the Council meetings to be held 
before the Boston meeting. All nomina- 
tions should be sent to the Permanent Sec- 
retary that they may be considered at the 
first following meeting of the Council. 
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A fiftieth anniversary card will be sent 
to each member entitled to it. A list of all 
paying in advance will be printed for the 
opening day of the Boston meeting. This 
list will indicate whether a member is to be 
present or absent. Such a list will greatly 
facilitate the arrangements for the meeting, 
and all members are requested to give this 
new feature their earliest attention. Asso- 
ciate members (wives and daughters, and 
sons under twenty-one years of age) will 
also be provided with the anniversary 
cards, and will have their names entered 
on the list upon receipt of the associate fee 
of three dollars. 

It is hoped that one of the results of this 
anniversary meeting will be an increase of 
the research fund of thé Association. To 
thisend members are reminded that they 
can commute their assessments for life by 
the remittance of fifty doWars. All money 
thus received is invested and the income is 
used for the encouragement of research. 
This fund now amounts to about $6,000, 
which has accumulated during the past 
twenty years. 

The Sectional Committees of each Sec- 
tion will prepare programs for the Sections 
in advance of the meeting, and notice of 
papers offered should be sent to the respec- 
tive Secretaries at an early date. 

It is hoped that all the surviving found- 
ers of the Association will be present at the 
Boston meeting, and I shall be much in- 
debted to anyone who will send me the full 
name and address of any survivor of the 
meeting of 1848. 

It is now twenty-five years that I have 
had the pleasure of serving the Association 
asits Permanent Secretary. During all this 
time I have held the firm belief that the 
mental stimulus and broadening influence, 
afforded by such annual gatherings of per- 
sons interested in the various departments 
of science are of vital importance to every 
professional scientist. Such reunions not 
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only promote good fellowship among scien- 
tists and lovers of science, but also serve to 
prevent the specialist from becoming so ex- 
clusively absorbed in his own particular 
life work as to forget that it is his duty to 
unite with his fellow workers in securing 
results which make a scientific career worthy 
of special respect—the advancement and 
diffusion of knowledge and the ameliora- 
tion of mankind. 


CURRENT NOTES ON PHYSIOGRAPHY. 
WATERFALL LAKES IN CENTRAL NEW YORK. 


In continuation of the brief suggestion 
by Gilbert a year ago, Professor E. °C. 
Quereau, of Syracuse, describes the ‘ Topog- 
raphy and History of Jamesville Lake’ 
(Bull.Geol.Soc. Amer., [X., 1898, 173-182), 
which furnishes another illustration of ex- 
ceptional forms in a dissected plateau, thus 
appropriately following the example of iso- 


lated hill groups in the dissected uplands 
of Missouri, as described by Marbut (Sct1- 


ENCE, VII., 273). Jamesville lake, a few 
miles southeast of Syracuse, occupies a cav- 
ity in a north-sloping arm of the Allegheny 
plateau, which is here normally divided 
into digitate spurs by many obsequent 
streams and their insequent branches. The 
lake and the gorge by which it is drained 
eastward into Butternut creek (obsequent) 
are the work of a temporary glacial river, 
which ran eastward between the northward 
land slope and the southward slope of the 
retreating ice sheet. A large current of 
water thus guided crossed several of the 
plateau spurs, carving channels of greater 
or less depth, and in a number of cases form- 
ing waterfalls on the sill of the Corniferous 
limestone; the falls retreating and pools be- 
ing formed beneath their plunge in a fashion 
normal enough to the glacial river, but en- 
tirely abnormal to the ordinary drainage of 
the plateau. Jamesville lake is one of these 
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pools. It is about 500 feet in diameter and 
60 feet deep, its surface lying 160 feet be- 
neath the adjacent upland. Steep cliffs rise 
on three sides, while the gorge opens east- 
ward to Butternut valley. All the features 
of a dry Niagara are here disclosed in great 
detail. Several excellent illustrations ac- 
company the paper. 


ESKERS IN IRELAND. 

‘A map to show the distribution of eskers 
in Ireland,’ by W. J. Sollas (Sci. Trans. 
Roy. Dublin Soc., V., 1896, 785-822, maps), 
is a serviceable summary, based chiefly on 
the work of the official Geological Survey, 
with personal observations in certain dis- 
tricts. Although predisposed in favor of 
the marine origin of askers, the author 
concludes that nothing is so competent to 
explain their various features as the action 
of streams in subglacial tunnels. Their 
height is 50-60 feet ; their elevation above 
sea-level seldom reaches 400 feet. The 
convergence of branch eskers towards a 
trunk is properly regarded as one of the 
most indisputable signs of stream origin. 
Three notably fine esker systems deserve 
mention; the Midlands system, on the 
central plain, half way from Dublin to the 
west coast, where three distinct and many 
subordinate eskers converge eastward ; the 
Ballyhaunis system, with three distinct 
branches converging northward against the 
general slope of the country between the 
headwaters of the south-flowing rivers 
Suck and Clare ; and the Portumna system, 
having three branches converging eastward 
with the general slope of the country from 
Slieve Aughty into the valley of the Shan- 
non above Lough Derg, but crossing the 
subordinate valley of the Ardultagh on the 
way. One member of the Midlands system 
near Athlone is illustrated by a special 
map, showing it to be of exceptional irregu- 
larity of form, a confused network of ridges 
with disordered structure, instead of a long 
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narrow ridge ; here, if anywhere, an origin 
in a super- or englacial stream might be in- 
ferred. A useful summary of previous 
writings is included in the essay. 


DESERT CONDITIONS IN BRITAIN, 


Tue interpretation of the past through 
the present is a canon of orthodox geology. 
Under its guidance, the existing oceans and 
rivers have been carefully studied ; but the 
deserts of to-day have until recently re- 
ceived little consideration as the repre 
sentatives ofancient conditions. An oppor- 
tune article on ‘Desert Conditions in 
Britain,’ by J.G. Goodchild, (Trans. Edin- 
burgh Geol. Soc., VII., 1899, 203-222), 
calls attention, first, to the characteristic 
features of existing deserts, by which their 
former occurrence may be recognized; 
second, to the probability that the British 
Isles have more than once had a desert 
climate in the remote past. Various de 
tails are given concerning the composition 
and structure of the deposits of deserts. 
For example, comparison of desert and sea- 
shore sands shows that any sandstone 
largely composed of well-rounded grains 
was probably formed under arid con- 
ditions on a land surface. The British 
deposits of Triassic, Devonian and Torri- 
donian times are thought to have been 
formed under inland, desert, continental 
conditions. 

The change thus implied in continental 
outlines needs consideration along with the 
arguments commonly quoted in support. of 
the permanence of continents. Great 
Britain must have had much land or a high 
mountain range to the windward when the 
desert sandstones and saline deposits of 
Cheshire resembled the ‘ salinas ’ of moderna 
deserts. Otherwise the earth’s axis must 
have shifted ; for the low western border 
of a continent in mid-temperate latitudes 
is the last place in the world where salinas 
and desert sandstones can form. 
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THE NEW ZEALAND VOLUANIC ZONE. 

H. M. Cavett describes a visit to the New 
Jealand Volcanic Zone (Trans. Edinburgh 
Geol. Soc., VII. , 1897, 183-200), with partic- 
ular references to the changes caused by the 
eruption of 1886, when the famous Rotoma- 
hana terraces were destroyed. A peculiar 
result followed the shower of fine ashes 
which coated the region for miles around, 
and which, when wet with rain, formed an 
impervious, clay-like cloak. Before the 
eruption the region was covered with vege- 
tation, and rainfall was slowly discharged. 
After the ash-cloak was laid on, the surface 
became water-tight, ‘like the slated roof of 
a house,’ and shed the rainfall in streams 
which united in fierce torrents and exca- 
vated deep gorges in the valley floors. 
Two new lakes, replacing Rotomahana, 
had a joint area of 25 acres in 1886, 
shortly after the eruption; in 1893 the 
water had risen over 400 feet, the two 
lakes had united, and their area exceeded 
5,600 acres. A further rise of about 
100 feet will be needed for overflow. The 
great fissure along which numerous explo- 
sive craters were formed in 1886 is briefly 


described. 
W. M. Davis. 


CURRENT NOTES ON ANTHROPOLOGY. 
ONTARIO ARCHEOLOGICAL REPORT. 

Mr. Davip Boy e’s annual archzological 
report to the Minister of Education, Ontario, 
is, as usual, rich with descriptions of inter- 
esting additions to the museum, and infor- 
mation attractive to students of local 
antiquities (pp. 87, Toronto, 1898, Pub. 
Doc.). All the material was removed and 
rearranged during the year, and it is now 
installed to much better advantage. The 
report is illustrated with over fifty figures 
in the text, representing stone and metal 
remains, village sites, textile work, engraved 
shells, bone implements, etc. Some ancient 
maps are reproduced from early explorers, 
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and Mr. A. F. Hunter adds a useful bibli- 
ography of the archeology of Ontario. 


THE PUEBLO OF TAOS. 
In the form of an inaugural dissertation, 
Mr. Merton Leland Miller has issued from 
the press of the University of Chicago a 
pleasant description of the Pueblo of Taos, 
New Mexico. In 1896 he passed three 
months in this ancient settlement of the 
Tiguas Indians, and noted the peculiarities 
of their lives and environment. These he 
sets forth in a clear style, and discusses the 
questions of origin and affinities from the 
view-point of the practical observer. He is 
inclined to adopt the conclusion that these 
and most of the pueblo-dwellers are a mixed 
population, the Shoshonean blood predomi- 
nating. 
D. G. Bruyton. 


UNIVERSITY OF PENNSYLVANIA. 


NOTES ON INORGANIC CHEMISTRY 

In the last Proceedings of the Chemical 
Society (London) a new method of making 
hydrocyanic acid is described by John 
Wade and L. C. Panting. A cold mixture 
of equal volumes of concentrated sulfuric 
acid and water is allowed to drop on 98% 
‘lump’ . potassium cyanid. The prussic 
acid evolved is almost theoretical in amount, 
and is nearly anhydrous, and may be 
readily collected in quantity by suitable 
condensing apparatus. This method offers 
great advantages over that usually em- 
ployed. When, in the place of a diluted 
acid, concentrated sulfuric acid is allowed 
to drop in the potassium cyanid, nearly 
pure carbon monoxid is evolved, and this 
also in nearly theoretical quantities, traces 
only of hydrocyanic acid being present. In 
this reaction the sulfuric acid plays at the 
same time the part of both hydrolysing and 
dehydrating agent. 


Tue same Proceedings contains a paper 
by W. C. Reynolds on concentrated solu- 
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tions of potassium carbonate. In such 
solutions the salt seems to act as a potas- 
sium salt Of the radial KCO, and forms 
with salts of certain metals double carbon- 
ates. When, for example, salts of copper, 
manganese, calcium, cobalt, etc., are added 
to a concentrated solution of potassium 
carbonate, double carbonates are formed, 
which crystallize out on standing, but 
which are decomposed on diluting the so- 
lutions. The formule of these salts are 
CuK,(CO,),, MnK,(CO,),, CaK,(CO,),, 
CoK,(CO,),, ete., which might be looked 


upon as Cu(KCO,),, ete. 
J.L. H. 


SCIENTIFIC NOTES AND NEWS. 

THE National Academy of Sciences will hold 
its annual stated session at Washington on 
April 19th, 20th and 21st. 

THE third regular meeting of the Chicago 
Section of the American Mathematical Society 
will be held at the University of Chicago, on 
Saturday, April 9, 1898, the first session open- 
ing at 10 o’clock a. m., in Ryerson Physical 
Laboratory. 

THE bequests made by the late Professor 
Cope to the University of Pennsylvania are 
now being placed in the Library and in the 
Biological Hall. The bequests, as we have al- 
ready stated, fall under five heads: First, the 
scientific library ; second, the Wheatley collec- 
tion of fresh water mollusca ; third, the Wheat- 
ley collection of minerals; fourth, the Hyrtl 
collection of the osteology of fishes ; fifth, Pro- 
fessor Cope’s collection of the osteology of ver- 
tebrates. The scientific library contains many 
valuable sets of scientific journals, monographs 
and books of reference. Professor Cope pur- 
chased the Hyrtl collection of the osteology of 
fishes for $8,000, and the osteological collections 
made by Professor Cope himself are of great 
value. 

THE French Minister of Commerce has issued 
a decree instituting twelve congresses to be 
held during the Paris Exposition of 1900 as 
follows:. 1. Education; 2. Fine Arts; 3. Mathe- 
matical Sciences; 4. Physical Sciences and 
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their Applications; 5. Natural Sciences; ¢, 
Medical Sciences; 7. Engineering and Trans. 
portation; 8. Agriculture; 9. Political Economy 
and Statistics; 10. Social Sciences, including 
Hygiene; 11. Geography, and 12. Industry ang 
Commerce. The Minister of Commerce will ap- 
point twelve committees who will report to g 
commission that will have charge of the arrange- 
ments. M. Gariel, of the University of Paris, 
and Secretary of the French Association for the 
Advancement of Science, is in charge of the 
organization of the congresses, and a special 
building will be erected in the Exposition 
grounds for the meetings. 


Dr. TARLETON H. BEAN, who, as we re- 
ported last week, was asked by the President of 
the Park Board to resign the superintendency 
of the Aquarium, refused to do this, as no 
grounds were given for the request. The office 
has now been abolished, but it is understood 
that Dr. Bean will contest this subterfuge in the 
Courts. 


OnE of the first appointments to the Univer- 
sity Table at Naples is that of Dr. J. P. Halsey, 
who graduated at the College of Physicians and 
Surgeons in 1893, and since July, 1895, has 
been studying organic and physiological chem- 
istry in Germany. He worked in Freiburg 
under Baumann until the latter’s death, and 
since then in Strassburg under Hofmeister. 
He has just finished an investigation upon Ty- 
rosin, and his plan at Naples is to experiment 
upon some of the lower organisms, which may 
throw light upon the origin of urea. 


SuRGEON-MAJor DAVID PRAIN has been ap- 
pointed Superintendent of the Royal Botanical 
Garden at Calcutta. 


THE following appropriations were made 
during 1897, from the Bache fund, Natural 
Academy of Sciences : 


March 18: To Professor A. S. Packard, for 
an investigation of the transformations of 
North American bombycine moths 

March 29 : To Professor R. H. Chittenden, for 
an investigation of the poisonous fungi or 
toadstools of the country 500 

April 29: To Professor Albert A. Michelson, 
for the construction of a new harmonic an- 
alyzer and integrator 


$100 
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May 1: To Dr. John §. Billings, for an inves- 
tigation of the colon bacillus group of organ- 
isms, being a continuation of the research 
upon the variability of bacteria, previously 
appropriated from the Bache fund 

May 5: Professor A. A. Michelson, for an in- 
vestigation of a two-decimeter standard of 
length, which is to be determined in terms 
ofthe wave-lengths of red cadmium radia- 
tions by the interference method 

May 17: To Professor Ira Remsen, for an in- 
vestigation of the atomic weight of cadmium. 

May 22: To Alexander Agassiz, for assistance 
in paying part of the expenses of borings to 
be made in the Fiji Islands to determine 
the thickness of coral reefs.........-...+-+++++++++ 

December 7: To Professor A. 8. Packard, for 
an investigation of the metamorphoses of the 
bombycine moths, in continuation of work 
already published in the last volume of 
Memoirs of the National Academy 


500 


TueE following officers of the sections have 
been appointed, as we learn from Nature, for 
the Bristol meeting of the British Association : 
Section A—President : Professor W. E. Ayrton, 
F.R.S. Vice-Presidents: Professor Riicker, 
F.R.S., Professor S. P. Thompson, F.R.S. Sec- 
retaries: Professor A. P. Chattock, Professor 
W. H. Heaton (Recorder), J. L. Howard, W. 
Watson, E. T. Whittaker. Section B—Presi- 
dent: Professor F. R. Japp, F.R.S. Vice-Presi- 
dent: Professor W. Ramsay, F.R.S. Secre- 
taries: Dr. C. A. Kohn (Recorder), Dr. T. K. 
Rose, F. Wallis Stoddart. Section C—Presi- 
dent: W. H. Hudleston, F.R.S. Vice-Presi- 
dent: E. Wethered. Secretaries: G. W. 
Lamplugh, Professor H. A. Miers, F.R.S. (Re- 
corder), E. Wilson. Section D—President : 
Professor W. F. R. Weldon, F.R.S. Vice- 
Presidents: Professor F. Gotch, F.R.S., Pro- 
fessor L. C. Miall, F.R.S. Secretaries: W. 
Garstang, Dr. A. J. Harrison, W. E. Hoyle 
(Recorder). Section E—Vice-Presidents : Col- 
onel F. Bailey, Dr. J. Scott Keltie. Secretaries : 
H. N. Dickson, Dr. H. R. Mill (Recorder), A. 
J. Herbertson, H. C. Trapnell. Section F— 
President : Dr. J. Bonar. Vice-President : Pro- 
fessor E.C. K. Gonner. Secretaries: E. Can- 
non, Professor A. W. Flux, H. Higgs (Re- 
corder), W. E.Tanner. Section G—President : 
SirJohn Wolfe-Barry, F.R.S. Vice-President : 
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G. F, Deacon. Secretaries: Professor T. H. 
Beare (Recorder), H. W. Pearson, W. A. Price, 
Professor John Munro. Section H—President: 
E. W. Brabrook, C.B. Vice-President: C. H. 
Read. Secretaries: H. Balfour, J. L. Myers 
(Recorder), Dr. G. Parker. Section K—Presi- 
dent: Professor F. O. Bower, F.R.S. Vice- 
President : Professor H. Marshall Ward, F.R.S. 
Secretaries : A. C. Seward (Recorder), Professor 
J. B. Farmer, J. W. White. 

Mr. WILLIAM OGILVIE, of the Geological 
Survey of Canada, gave a lecture to the Royal 
Geographical Society on ‘The Geography and Re- 
sources of the Klondike Region,’ on March 23d. 

THE following are among the lecture arrange- 
ments at the Royal Institution, London, after 
Easter: Lord Rayleigh, three lectures on ‘ Nat- 
ural Philosophy ;’ Dr. E. E. Klein, two lectures 
on ‘Modern Methods and their Achievements 
in Bacteriology ;’ Mr. J. A. Thomson, two lec- 
tures on ‘ The Biology of Spring.’ The Friday 
evening meetings of the members will be re- 
sumed on April 22d, when Mr. W. H. M. 
Christie, the Astronomer Royal, will deliver a 
discourse on ‘The Recent Eclipse.’ Succeed- 
ing discourses will probably be given by Pro- 
fessor A. Gray, Mr. E. A. Minchio, Professor 
W. A. Tilden, Mr. Justice Madden, Lieutenant- 
General Sir A. Clarke, Professor W. M. Flinders 
Petrie, Lord Rayleigh and others. 

AN attempt is being made to establish a 
scholarship in botany at Barnard College in 
memory of the late Miss Emily L. Gregory, 
who was in charge of the department of botany 
at the College from its establishment. 

Srr WILLIAM TURNER, who holds the chair 
of anatomy at Edinburgh University, has been 
asked to allow himself to be nominated for the 
presidency of the General Medical Council, 
vacant by the death of Sir Richard Quain. 

Dr. W. B. BENHAM, who succeeds the late 
Professor Parker in the chair of zoology in the 
University of Otago, New Zealand, has been 
given a dinner at Oxford in view of his depar- 
ture from that University, and has been pre- 
sented with a piece of plate by his present 
and former students. 

THE Royal Academy of Sciences of Belgium 
has proposed eight questions for essays in 1898 
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and six questions for 1899. Prizes of the value 
of 600 fr. (in one case 800 fr.) are offered for 
the solution of each of these questions. Fur- 


ther details may be obtained from the Secretary, 
Palais des Academies, Bruxelles. 

THE Schnyder von Wartensee foundation in 
Zurich will award, in 1900, a first prize of 3,000 
fr. and other prizes amounting to 1,500 fr. for 
monographs on the peat moors of Switzerland. 


THE botanical department of the University 
of Pennsylvania has received a gift of a collec- 
tion of dried plants and seeds from the Biltmore 
estate and specimens of fungi from Dr. J. T. 
Rothrock. 

Axsovt sixty original drawings by the late W. 
Hamilton Gibson, largely of entomological sub- 
jects, have been purchased for the departments 
of science and art of the Teachers’ College, N. Y. 

THE Massachusetts Senate has concurred with 
the House in voting an appropriation of $180,000 
to continue the war on the gypsy moth. 

THE Chairman of the House Committee on 
Military Affairs has introduced a bill increasing 
the number of medical officers in the navy by 
fifteen additional assistant surgeons, and au- 
thorizing the Surgeon-General of the Army, in 
emergencies, to appoint, with the approval of 
the Secretary of War, as many contract sur- 
geons as may be necessary, at not exceeding 
$150 per month. The fifteen new men are to 
be appointed with the rank of First Lieutenant, 
after examination by an army medical examin- 
ing board. 

M. AUDIFFRED, member of the French 
Chamber of Deputies, has asked the French 
government to create French medical stations 
in China, in order to increase French influence 
in that country. 

PROFESSOR FREDERIC STARR, of the Univer- 
sity of Chicago, has returned from a trip through 
Mexico, having made important investigations 
on the Otomi Indians. 

Ir is stated in Natural Science that Mr. C. W. 
Andrews, whose stay in Christmas Island, 8. 
Java, isextended for the requirements of his re- 
searches, has forwarded five more cases of speci- 
mens of natural objects to the British Museum. 


THE most serious earthquake shock from 
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which the Pacific coast has suffered for twelve 
years occurred just before midnight on March 
30th. Many buildings were seriously damaged, 


A PRELIMINARY meeting of the British com- 
mittee formed to assist in the celebration, in 
May next at Lisbon, of the fourth centenary of 
the discovery of the Cape route to India by 
Vasco da Gama was held on March 21st at the 
rooms of the Royal Geographical Society. Sir 
Clements Markham presided and in a speech 
referred to the great geographical interest of 
the event which would be celebrated at Lisbon 
on May 17th to 20th, and said that a dinner 
and also a meeting would be held in connection 
with the celebration in May at the rooms of the 
Royal Geographial Society. Sir A. Rollit said 
it had been arranged to hold a meeting in May 
at the India Office, over which the Secretary of 
State had promised to preside, and the Depart- 
ment had also sent charts and plans to the ex- 
hibition at Lisbon. Resolutions of congratula- 
tion to the King and people of Portugal upon 
the occasion were passed and were cordial’ 
acknowledged by Sir Luiz de Soveral, and a 
sub-committee was appointed to carry out the 
arrangements. 

Tae British government does not seem in- 
clined to assist greatly in an Antarctic expedi- 
tion. In the House of Commons it has been 
stated that the Admiralty have been in com- 
munication with the Royal Society with refer- 
ence to Antarctic exploration. The Board has 
been unable to promise cooperation either by 
the loan of ships or of officers, as officers cannot 
be spared at present for expeditions which may 
keep them away from their ordinary duties for 
long periods of time, but they have informed 
the Society that if they can render any assist- 
ance by the loan of instruments, or by any in- 
formatien which their experience enables them 
to give, they will be very glad to do so. 


THE St. Petersburg correspondent of the Lon- 
don Zimes reports that on March 19th Drs. 
Jeaffreson and Lowry left St. Petersburg for 
Hangé with 70 northern dogs bought from the 
Samoyeds and destined for the forthcoming 
English expedition to the South Pole which is 
being fitted out by Sir George Newnes. These 
sledge dogs will. be shipped from Hangé, the 
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nearest ice-free port from St. Petersburg, and 
taken on board the boat to be employed in the 
expedition, now lying at Christiania. Dr. Jeaf- 
freson has been travelling during the winter in 
the wilds of the Petchora and the tundras of 
Kanin peninsula. This latter region, he found, 
had beer given up almost entirely to a colony 
of pirates, who are probably the descendants of 
Russian criminals formerly banished to the re- 
gion of Archangel. Last year they wrecked a 
Russian schooner, and the bodies of the crew 
were subsequently found by the help of dogs 
buried far off in the interior. Dr. Jeaffreson 
also explored the interior of the Yalmal Penin- 
sula or Samoyed land, which has hitherto been 
almost unknown, and he intends, if possible, to 
organize an expedition to Novaya Zemlya.’* 

A DESPATCH from Stockholm states that Herr 
J. Stadling, who accompanied Andrée’s expe- 
dition to Spitzbergen in 1896, has been ap- 
pointed by the Swedish Anthropological and 
Geographical Society to undertake a search 
through Siberia in order to make inquiries as 
to the fate of Andrée’s balloon expedition. 
For this purpose Herr Stadling has received the 
Vega stipendium from the Society. He starts 
with a companion from Stockholm early in 
April, and the journey will last probably until 
January next. 


UNIVERSITY AND EDUCATIONAL NEWS. 

THE Maryland House has concurred with the 
Senate, by a vote of 56 to 22, in appropriating 
$50,000 a year for two yearsto Johns Hopkins 
University. 

THE proposed amalgamation of Harvard Uni- 
versity and the Massachusetts Institute of 
Technology has been the subject of conferences 
between committees of both institutions, but 
the plan has now been abandoned. 

THE University of Chicago has received a 
gift of about $150,000 from an anonymous 
donor. 

Miss Goup has given a further gift of $10,- 
000 toward the endowment of the engineering 
school of New York University. 

Mr. CuEsteR W. KINGSLEY, whose gift to 
Worcester Academy was reported last week, 
has now given $25,000 to Colby University. 
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THE governing board of the Sheffield Scien- 
tific School has established six new scholarships 
of $100, the equivalent of remitted tuition for 
the same number of students. 


Mr. HARoLp HEATH, now fellow of biology 
at the University of Pennsylvania, has been ap- 
pointed assistant professor of zoology in Stan- 
ford Universjty. 

Proressor F. W. Carp has resigned the 
chair of horticulture in the University of Ne. 
braska, which he has filled for five years, and 
has accepted a similar position in the Rhode 
Island Agricultural College. His resignation 
takes effect in August and he assumes his new 
duties on September Ist. 

CoRNELIUs L. SHEAR, fellow in botany in 
the University of Nebraska, has been appointed 
Assistant Agrostologist in the Division of Agros- 
tology of the U. S. Department of Agriculture, 
Washington, D. C., his duties to begin April 1st. 


THE London University Commission Bill has 
been read athird time before the House of 
Lords and passed. It is said to be likely that 
it will also be passed in the House of Commons 
unless obstruction prevents its consideration. 


THE University of Paris has been authorized 
to borrow 1,700,000 fr. for the construction on 
the rue Cuvier of buildings and laboratories for 
instruction in the sciences preparatory to the 
study of medicine, and for the completion of 
the laboratory of physiological botany at Fon- 
tainebleau. 

THE government of Wirttemberg has just 
authorized the erection of a laboratory of hy- 
giene in connection with the medical depart- 
ment of the University of Stuttgart. 

Sirk WILLIAM FRASER, formerly Deputy- 
Keeper of the Records of Scotland, who died on 
March 13th, has, by his will, left to the Uni- 
versity of Edinburgh £25,000 for the foundation 
of a chair to be called the Sir William Fraser 
Professorship of ancient history and pale- 
ography, £10,000 for the purposes of the library ° 
and one-half of the residue of his estate, which 
is expected to amount to between £9,000 and 
£10,000, for general requirements, bursaries, 
research, publications, etc. 


THE principalship of University College, 
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Liverpool, vacant by the appointment of Dr. 
Rendall to the headmastership of Charterhouse, 
has been filled by the election of Mr. Richard 
Tetley Glazebrook, M.A., F.R.S., Fellow and 
Senior Bursar of Trinity College, Cambridge. 
Mr. Glazebrook, who isa son of Dr. Glazebrook, 
of West Derby, was educated at Dulwich Col- 
lege and afterwards at Liverpool College, 
whence he obtained a scholarship at Trinity 
College, Cambridge. In 1876 he was fourth 
wrangler and in 1877 was elected a Fellow of 
his College. As an investigator he is best 
known for his researches in the higher branches 
of optics, and his chief papers have been on 
double refraction in biaxial crystals and on a 
dynamical theory of double refraction, both of 
which won high commendation from such au- 
thorities as Lord Kelvin and Sir Gabriel Stokes. 
He is also the recognized custodian of the Brit- 
ish Association electrical units, now the standard 
for the world and is Secretary of the Electrical 
Standards Committee of the British Association. 


Mr. H. W. M. Tris has been appointed pro- 
fessor of zoology in Bedford College, England. 

Art Gonville and Caius College, Cambridge, 
the vacant Shuttleworth scholarships, each of 
the annual value of about £55, awarded for 
proficiency in botany and comparative anatomy, 
have been adjudged to Reginald Crundall Pun- 
nett for three years and to Harold W lliam At- 
kinson, B.A., for two years. 


SCIENTIFIC LITERATURE. 

Living Plants and their Properties. A Collection 
of Essays. By JosepH CHARLES ARTHUR, 
Sc. D., Professor of Vegetable Physiology and 
Pathology in Purdue University, and DANIEL 
TREMBLY MAcDovuGAL, Pa#.D., Assistant 
Professor of Botany in charge of Plant 
Physiology in the University of Minnesota. 
New York, Baker & Taylor; Minneapolis, 
Morris & Wilson. 1898. Small 8vo. Pp. 
ix+ 234, 

In recent years American botanists have gen- 
erally been so burdened with the labor of 
botanical acquisition in systematic, structural 
or physiological fields that toa great degree 
their writings have been plain, matter-of-fact 
statements, interesting enough to other bota- 
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nists, but quite unattractive to those not trained 
in the somewhat severe school of modern 
botany. This condition has invited and ep- 
couraged many mere ‘ writers’—pleasant word- 
mongers, with nothing more than the thinnest 
superficial knowledge of plants—to issue books 
to meet the demand made by reading people for 
information regarding the life of plants. Ithas 
often been my very unpleasant duty to point 
out the dreadful blunders which are certain to 
result from attempts at bookmaking by those 
whose pens run more easily and rapidly than 
their botanical attainments justify, and yet in 
nearly every case it has been found that the 
book with all its blunders sold well, which in- 
dicates that many people read it. There is a 
demand for readable books about plants. 
When it was announced, a little while ago, 
that two of our most active plant physiologists 
were bringing out a book on living plants and 
their properties it was supposed that, as a mat- 
ter of course, it would be a modern text book, 
for use in the physiological laboratories now 
happily increasing in numbers in our universi- 
ties. What was our surprise, then, to find that 
the authors have given us a readable book on 
topics like these : ‘ the special senses of plants ;’ 
‘the development of irritability;’ ‘ Mimosa, a 
typical sensitive plant;’ ‘ universality of con- 
sciousness and pain;’ ‘ how cold affects plants;’ 
‘leaves in spring, summer and autumn;’ ‘ the 
significance of color;’ ‘the right to live;’ ‘ dis- 
tinction between plants and animals.’ In the 
first chapter, after a general discussion regard- 
ing the nature of the senses, Dr. Arthur takes 
up in order the senses which plants possess, i. ¢., 
‘the sense of contact,’ the ‘ gravity sense,’ sensi- 
tiveness to light,’ ‘chemical sense’ and ‘ moist- 
ure sense.’ A single quotation from this inter- 
esting chapter will suffice to show the treat- 
ment (p. 14): ‘‘But what other senses have 
plants? I shall not attempt to show the 
numerous and interesting ways in which plants 
respond to light. Everyone knows how plants 
lighted from one side, as when placed before a 
window, bend toward the light. This is a true 
sensitiveness, for it results in bringing about 
definite movement. The stems place them- 
selves parallel to the incident rays—that is, 
point toward the window; while the leaves 
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lace themselves at right angles to the direction 
of the light—that is, with their upper surfaces 
to the window. Leaves and stems, therefore, 
show sensitiveness characteristic of each. Some 
stems, however, like those of Virginia creeper, 
turn away from light, enabling them to cling to 
dark walls. Roots, which are generally buried 
in the soil, rarely exhibit sensitiveness to light, 
and when they do it is usually to turn from it. 
If light comes to the organ from two directions 
it will bend toward the source of the stronger 
light, and differences which will affect the plant 
are far more minute than can be detected by 
the eye.”’ 

In a similar way Dr. MacDougal discusses 
thow cold affects plants’ (Chapter VI). After 
speaking of the general appearance of a frozen 
leaf, he says (p. 88): ‘‘ If now a section is made 
of a frozen leaf it will be found that the spaces 
between the cells usually containing air are 
filled almost solidly with ice crystals. From 
whence is this ice derived ?’’ * * * ‘‘ Protoplasm 
even in its simplest forms is highly automatic 
and self-regulating. When the cells of a leaf 
are subjected to a low temperature they con- 
tract, and a portion of the water is driven out 
into the intercellular spaces, where it is frozen. 
By this provision the proportion of water in the 
cells is reduced and the danger of ice formation 
and consequent destruction is averted. If now 
the temperature is again lowered, an additional 
amount of water is forced into the intercellular 
spaces, rendering the cell-solutions still more 
concentrated, and less easily crystallized into 
ice.” * * “* Tt is thus to be seen that the extru- 
sion of water into the intercellular spaces is a 
protective device of the protoplasm.’’ 

It is unnecessary to quote more from these 
suggestive chapters. These examples will 
sharpen the interest of every reader of this no- 
tice, who may be assured that this interest will 
not flag as he reads the pages for himself. The 
book will make an admirable addition to the 
scientific alcove of every public library. 

CHARLES E. BESSEY. 

THE UNIVERSITY OF NEBRASKA. 


Revision of the Orthopteran group Melanopli 
(Acrididz), with special reference to North 
American forms. By SAMUEL HUBBARD 
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ScuppER. Proc. U. S. National Museum, 

Vol. 20, pp. 1-421, Plates 1-26. 1897. 

This work by Mr. Scudder deals with a 
group of acridians of which the Rocky Moun- 
tain locust and the common red-legged locust 
are familiar forms. The Melanopli are essen- 
tially North American, and on account of the 
number of the species and the variety of the 
forms present great difficulties to the student. 

A short introduction gives the characters 
and limitations of the group, and its geograph- 
ical distribution; also an interesting note con- 
cerning the dimorphism in the length of the 
tegmina, and a statement as to the sources of 
the material used in the work, acknowledg- 
ments of aid received, and a few words as to 
certain details of presentation. 

An elaborate analytical key to the genera is 
given, and-there are also keys to the species of 
all genera not monotypic. These keys are 
successful in epitomizing a large amount of 
close study, and, with the aid of the figures, 
afford a ready means for the determination of 
the species ; in all cases, however, the descrip- 
tions must be consulted for confirmatory data. 

The key to the species of Melanoplus (pp. 
124-139) is so long as to suggest that a separate 
tabulation of the groups, designated as series, 
and of the species under each group, would 
have been more useful. 

The generic and specific descriptions are 
given with the detail characteristic of Mr. 
Scudder’s work. Thirty genera are recognized 
and of these eighteen are described as new, of 
North American species 208 (113 new) are de- 
scribed. An analytical key to the Old World 
species of Podisma with brief notes, including 
descriptions of two new species, is also given. 

The material upon which these genera and 
species are based has in most cases been ample, 
more than 8,500 specimens having been studied ; 
of the 208 species but two are unknown to 
Mr. Scudder ; 31 species are known from one 
sex only and 21 species from uniques. The 
females outnumber the males, 4,596 to 3,911, 
or, stated differently, in 96 species the females 
are the most abundant, in 75 species the males; 
in 37 species the numbers are the same. The 
bibliégraphy and geographical distribution are 
given in admirable detail. 
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Plate one illustrates the venation of the 
tegmina of species of Phoetaliotes and of Mela- 
noplus; the other plates, 2-26, show the ab- 
dominal appendages of the males of all but five 
of the species described. 

In an appendix are given (1) a list of the 
heretofore described North American species 
with original and present nomenclature, (2) 
brief notes on undetermined forms, and (3) a 
list of South American Melanopli. 

Mr. Scudder’s contention (p. 187) for credit- 
ing Melanoplus spretus to Uhler can hardly be 
accepted ; it is directly against the well-estab- 
lished canon that a name must take its author- 
ity from the author first defining it, and if ad- 
mitted and generally applied would cause much 
instability in nomenclature. 

Typographically both text and plates are 
well done; a few inaccuracies and omissions 
may be noted: page 76, Ann. rep. chief 
eng., the date 1877 should be 1876; page 
267, Can. nat., and Bost. journ. nat. hist., 
the date 1868 should be 1862; page 270, the 
date of Fieber, Lotos, is given 1853 and on page 
403 as 1854; page 360, the date of Serville, 
Orth., is given 1839 and on page 404 as 1838 ; 
page 408, Pezotettix altitudinum and P. chenopodii 
are omitted from the list, 1868 for Pezotettix 
borealis should be 1862, <Acridium differentiale 
Uhler should be Uhler Ms. Thomas; page 404, 
1879 for Pezotettix marshallii Scudder should 


be 1876. 
SAMUEL HENSHAW. 


Ethnological Studies among the Northwest Cen- 
tral Queensland Aborigines. By WALTER E. 
Ror. Brisbane, Government Office. 1897. 
With 438 Illustrations. Pp. 199. 

Mr. Roth was for several years surgeon to 
various hospitals in the districts south of the 
Gulf of Carpentaria, and had excellent oppor- 
tunities for studying the languages and customs 
of the native blacks. The results he has con- 
densed in the present volume. They rank 
among the most valuable contributions ever 
made to the ethnography of Australia, partly 
because the writer is a trained observer and 
careful narrator, partly because he made himself 
acquainted with the dialects of the tribes, with- 
out which knowledge it is vain to attempt an 
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understanding of the ethnography of any people 
whatsoever. 

One of his discoveries was that of the existence 
of a well-defined, manual-sign language extend- 
ing throughout the entire district of his study, 
and indications of its presence elsewhere. Of 
these manual signs he presents 213 with their 
significations, some conveying simple, others 
complex ideas. 

An excellent conspectus of the languages, 
grammatical, lexicographic and comparative, 
shows their structure and relationship. The 
intricate subject of personal nomenclature, 
consanguinity and class systems is clearly set 
forth and shown to be not the prevention of 
incest, as most writers have taught, but a 
scheme to regulate the proper distribution of 
the food supply. In this connection it may be 
added that he also corrects the common notion 
that the operation of introcision, practiced on 
the males, is for the purpose of limiting procre- 
ation. It has, in fact, no such effect. 

The aboriginal food-supply is exhaustively 
considered. Cannibalism continues till this day 
in the outlying districts, and death from the 
most repulsive diseases does not prevent the 
corpse being eaten. Much information is added 
on implements, utensils, personal ornaments 
and trade or barter. Among these the various 
forms of the boomerang are described and 
figured. Of the message sticks Dr. Roth says 
positively that the designs upon them convey no 
significance and are intended merely to distin- 
guish them from the sticks belonging to others. 

The lines of barter are widely extended 
through Australia; their course is marked by 
certain signs and signal posts, easily caught by 
the native eye, and in spite of the constant wars 
a comparatively active commerce exists. One 
of the most interesting articles of barter is that 
of songs and dances (corrobborees). These are 
taught for pay (blankets, food, etc.) by one 
tribe to another. A tribe often sends picked 
men long distances to learn them, and, what is 
singular, the songs are frequently in a language 
wholly remote and unintelligible to the tribe 
buying them, but they are learned by rote and 
repeated with surprising accuracy (as the ig- 
norant priest does his Latin liturgy). 

The last chapter is entitled ‘ Ethno-pornog- 
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raphy’ and relates the ceremonials by which 
the males and females are admitted to the 
rights of puberty and social rank. They are 
severe in the extreme, but are carried out in- 
flexibly. No explanation of their rites is satis- 
factory, and that of the author, that it is merely 
for convenience, is no better than the others. 

In the midst of the debasement reflected in 
the general condition of these tribes, it is inter- 
esting to learn that law and order, as they 
understand the terms, are maintained, and that 
a culprit is well aware of the punishment 
following his misdeeds and submits to it. When 
that punishment is death he quietly digs his 
own grave and awaits the spear thrusts which 
consign him to it. 

The volume contains nothing on the physical 
anthropology of the natives and is very meager 


on their religious views. 
D. G. BRINTON. 


Towa Geological Survey, Artesian Wells of Iowa. 
Vol. VI., pp. 115-428. By W. H. Norton. 
Des Moines, State Print. 1897. 

Although the subject of artesian wells and 
their utilization in the redeeming of the arid 
regions of the world commands general interest, 
still one would scarcely expect to find so much 
of interest to the unprofessional reader in the 
official report of a State Geological Survey. 

The first section of Mr. Norton’s report gives 
one an excellent idea of the artesian well in its 
historical development as well as in its present 
distribution, nomenclature and classification. 
These chapters will amply repay the untechni- 
cal reader and will also give the specialist a 
point of view which he is too apt to overlook in 
his application to details. 

The remaining chapters are devoted toa very 
satisfactory and exhaustive setting forth of the 
records of the artesian wells of Iowa. Very 
many geological sections of individual wells and 
also of extended regions, together with full and 
conservative discussion, help to give one a very 
clear idea of the stratigraphic, hydrographic and 
hydrostatic conditions which exist in that State. 
In view of the interest attaching to the question 
of subterranean temperatures and the valuable 
information obtained from wells in the Dakotas 
northwest of Iowa by Mr. N. H. Darton, it is 
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perhaps to be regretted that the report did not 
include the temperature of the flowing water, 
at least where the volume is considerable. From 
the popular explanation as to why these wells 
are called artesian, from Artois, instead of 
Mutinian, from Mutina, to the technical dis- 
cussion of the stratigraphic conditions in their 
relation to sea-level, the volume is interesting 
and instructive; and although it is to be re- 
ceived chiefly as a contribution to our knowledge 
of the subterranean waters of Iowa, nevertheless 
it will serve as a valuable key to similar con- 


ditions in other localities. 
W. HALLOcK. 


The Mystery and Romance of Alchemy and 
Pharmacy. By C. J.8. THompson. London, 
The Scientific Press (Limited). Pp. xv + 335. 
12mo. Ill. 

As foreshadowed in the title, the author of 
this work has not attempted a systematic history 
of alchemy and of pharmacy, but has gathered 
much curious information as to the mystery 
surrounding them in bygone ages and the 
romance associated with them. The first five 
chapters deal with the art of healing, the earliest 
fathers of medicine and the necromantic prac- 
tices of the Greeks and Romans. In the sixth 
chapter we are introduced to the alchemists, 
and here the author shows his unfamiliarity 
with the results of modern historical researches; 
he states, for example, that the word chemistry 
first occurs in the writings of Suidas, whereas 
everyone knows that it is found six centuries 
earlier in the astrological treatise of Julius 
Maternus Firmicus, entitled Mathesis. Mr. 
Thompson also credits the Arabian Geber with 
knowledge of nitric acid, nitrate of silver and 
hydrochloric acid, as described in the Summa 
Perfectionis and Liber Philisophorum [sic], 
whereas Berthelot showed in 1893 that these 
Latin treatises are fraudulently ascribed to 
Geber, who had no knowledge of the mineral 
acids. To enhance the romantic and mysterious 


phase of his subject, Mr. Thompson has intro- 
duced several chapters on ‘The Black Art,’ 
‘Black Magic’ and the occult sciences. The 
work is stronger on the medical side than on the 
chemical, the chapters on ‘ Curious Remedies,’ 
‘Surgery in the Middle Ages,’ 


‘ Amulets, 
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Talismans and Charms,’ being replete with 
curious lore. The sketch of ‘ Apothecaries and 
their Bills’ throws light on early methods of 
pharmacy. The title of this volume would 
lead one to suppose that the romantic features 
of alchemy at the court of Rudolph II. might 
be included, but there is no reference to this 
German Hermes. It is ungracious to criticise 
a book by its omissions, but it is certainly 
singular to find no mention of the host of Ger- 
man alchemists who flourished under Rudolph 
II. and under Augustus of Saxony. Surely the 
careers of Sendivogius, of Richthausen, of Gus- 
tenhover and of Bétticher were sufficiently 
romantic! Part II. of the volume contains 
quotations of alchemical and pharmaceutical 
interest from the writings of Chaucer, Shake- 
speare, Spencer, Scott, Dumas and other 
authors. The illustrations are poorly selected, 
and there is no index. 
H. CARRINGTON BOLTON. 
SCIENTIFIC JOURNALS. 

WE have received from Messrs. Lemcke & 
Buechner, New York, the first issue of a bib- 
liography of German periodical literature, com- 
piled by Dr. F. Dietrich, and published in 
Leipzig by Fr. Andra’s Nachfolger. The Bib- 
liography aims to accomplish for German liter- 
ature what is done by the English ‘Index to 
Periodicals’ and our own ‘ Literary Index,’ but 
pays relatively more attention to scientific jour- 
nals. Technical science and medicine, includ- 
ing, it appears, physiology, etc., are however 
excluded, owing to the indexes already estab- 
lished. The present Bibliography, for the year 
1896, contains about 8,500 titles from about 275 
journals. It isa subject index, the entries not be- 
ing made under the names of authors, which les- 
sens its usefulness for seientific purposes. Such 
a bibliography, however, will prove of much 
value, and we cordially endorse the wish of the 
compiler that it may be subscribed for by suf- 
ficient libraries to pay the costs of publication 
and permit of its enlargement. 

THE Psychological Index, a bibliography of 
the literature of psychology and cognate sci- 
ences, has been issued for the year 1897. The 
compilers, Dr. Livingston Farrand, Columbia 
University, and Dr. Howard C. Warren, Prince- 
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ton University, have this year been assisted by 
M. N. Vaschide, Paris, and Dr. B. Bore 
Berlin, representing, respectively, L’année pay. 
chologique and the Zeitschrift fiir Psychologie, 
The value of the Index is greatly increased by 
the promptness with which it is issued. It wil] 
prove useful not only to.psychologists, but also 
to men of science in other departments having 
some relation to psychology. No less than 
2,465 titles are recorded for the year 1897, 
Their distribution may be given as an illustra- 
tion of the field covered by modern psychology, 
general, 221 titles; genetic, comparative and 
individual psychology, 626; anatomy and 
physiology of the nervous system, 322; Sensa- 
tion, 142; consciousness, attention and intel- 
lection, 269; feeling, 102; movement and 
volition, 135; abnormal and pathological, 647, 
THE American Journal of Science for April 
opens with an article by Professor Langley on 
the bolometer. It has been used during recent 
years to make a map of the lower spectrum, 
but the publication of results has been delayed 
in the Government Printing Office, and Pro- 
fessor Langley here gives some account of the 
improvements that have been made since the 
instrument was first described. It is now about 
400 times as sensitive as then, and will indicate 
a change of less than one-ten-millionth of one de- 
gree Centigrade. Mr. Arthur Durward contrib- 
utes from the Jefferson Physical Laboratory of 
Harvard University a series of measurements of 
the temperature coefficients of the seasoned hard 
steel magnets whose induction coefficients have 
recently been investigated by Professor B. 0. 
Pierce. Mr. Charles T. Knipp describes a new 
method of electrically giving seconds, without 


reference, however, to other similar devices. 


Other articles in the current number are: 
‘Skull of Amphictis,’ by E. 8. Riggs; ‘ Condi- 
tion of Oxidation of Manganese precipitated by 
the Chlorate Process,’ by F. A. Gooch and M. 
Austin ; ‘San Angelo Meteorite,’ by H. L. Pres 
ton; Pre-Glacial Decay of Rocks in Eastern 
Canada,’ by R. Chalmers ; ‘ Datolite from Guan- 
ajuato,’ by O. C. Farrington ; ‘ Clinohedrite, a 
new mineral from Franklin, N. J.,’ by 8. L. 
Penfield and H. W. Foote, and ‘ Rhodolite, @ 
New Variety of Garnet,’ by W. E. Hidden and 
J. H. Pratt. 
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TuE Popular Science Monthly gives a portrait 
of Charles Semper as frontispiece and contains 
a sketch of his life. The most interesting arti- 
ele in the number is one by Professor W. K. 
Brooks on ‘ Migration,’ but many will read with 
equal interest the article on ‘ Evolution and 
Teleology,’ by Dr. J. A. Zahm, presented be- 
fore the recent Catholic Scientific Congress. 
Among the other papers is one on ‘Criminal 
Anthropology in Italy,’ by Miss Helen Zim- 
mern, and one on the ‘ Electric Transmission of 
Water Power,’ by Mr. William Baxter, Jr. The 
number also contains three extended articles 
on economic topics. 


Tue Astronomical Journal for March 28th is 
greatly enlarged to make place for Dr. T. J. J. 
See’s discoveries and measures of double multi- 
ple stars in the southern hemisphere. The 
first catalogue contains 500 entries, the results 
of work during the first year and four months 
at Flagstaff and Mexico. 


SOCIETIES AND ACADEMIES. 
BIOLOGICAL SOCIETY OF WASHINGTON—290TH 
MEETING, SATURDAY, MARCH 26. 

THE evening was devoted to a ‘Symposium 
on the Comparative Value of Factors Influenc- 
ing the Distribution of Life,’ the subject being 
introduced by Dr. C. Hart Merriam, whose re- 
marks were particularly directed to those fac- 
tors governing the distribution of terrestrial 
life. The most important of these he con- 
sidered to be temperature, next humidity and 
the elevation of the base level. The effects of 
the general slope of elevated regions was dis 
cussed and its influence in extending or cur- 
tailing the various life zones according as the 
slope was towards the north or south. The 
twofold effect of streams was dwelt on, par. 
ticularly of rapid mountain streams, along 
whose sides is a narrow border of northern 
forms, while valleys produced by erosion per- 

mit the entrance of southern species. 

Dr. L. O. Howard spoke of the distribution 
of insects and considered the prime factors to 
be: 1. Temperature as influencing all groups; 
2. Distribution of food plants as influencing 
phytophagic species and the species dependent 
upon them ; 3. The capacity of the species to 
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conquer in the struggle for existence; 4. The 
influence of civilization. He dwelt especially 
upon the complicated inter-relationships among 
insects and showed that restriction in distribu- 
tion due to an apparently obvious cause might in 
many cases in reality be due to a perfectly blind 
cause, due to these interrelations of forms. 

Dr. W. H. Dall spoke of the distribution of 
aquatic mollusks, considering temperature to 
be the preponderating factor, largely so through 
its effects on very young mollusks. Thus adults 
could live and thrive where the temperature 
was fatal to the young. Pressure was stated 
to have little effect, some species ranging from 
a depth of three fathoms to 1,700 fathoms. 
Abyssal forms were said to be of wide distribu- 
tion, while those found above 500 fathoms were 
generally derived from littoral species. 

Mr. F. V. Coville, speaking of plants, said 
that the factors influencing their distribution 
were in some respects quite different from 
those affecting animals. For example, plants 
had no power of choice and could not remove 
from the place when their seeds fell, however 
unsuitable it might be. The temperature of 
the soil was another powerful factor affecting 
plants, as well as the character of the soil itself 
and its drainage, and, above all, the amount of 
moisture it received. 

Dr. Theo. Gill said that temperature was an 
element affecting large aggregates of animals 
and that other causes influenced the smaller 
groups. The geological history of the earth 
had very much to do with the present distribu- 
tion of terrestrial life; and while temperature 
was the great factor in determining the extent 
and character of marine faunas, temperature 
subject to the lay of the land governed the dis- 
tribution of life on land. 

Mr. B. E. Fernow said that the struggle for 
existence must be taken into account and that 
the ability of a plant to adapt itself to the 
environment frequently accounted for an ex- 
tended or restricted range. Thus a plant of 
limited range in one country, when removed 
to a region where it was not subject to the com- 
petition of other forms, might spread with great 
rapidity. 

Professor B. W. Evermann spoke of the influ- 
ence of great drainage areas on fresh-water fishes 
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and the effect of the character of the bottom 


over which streams flowed. 
F. A. Lucas, 


Secretary. 


GEOLOGICAL SOCIETY OF WASHINGTON, 

At the regular meeting held on Wednesday, 
March 23, 1898, Professor C. R. Van Hise, of 
the U. S. Geological Survey and the University 
of Wisconsin, made the principal contribution. 
It was on Crystalline Schists and Rock Flow- 
age. The propositions advanced were radical, 
and to state them within the limits of a single 
paragraph and without the evidence will not be 
attempted. The paper will, of course, be pub- 
lished in due time. 

Mr. Geo. Otis Smith, U. S. Geological Survey, 
spoke on the ‘Igneous Phenomena in the Tintic 
Mountains, Utah.’ 

The Tintic Mountains, he said, are situated 
in the Great Basin, but do not belong to the 
Basin range type. They possess an axis of 
closely folded Paleozoic strata, which were 
deeply eroded in Mesozoic time, while later the 
area became the seat of volcanic activity. The 
earliest eruption was of quartz-porphyry and 
rhyolite. The next eruption was andesitic and 
a well defined cone of tuffs and lavas, now 
deeply dissected, can be seen on the western 
slope of the range. The vent is filled with an 
agglomerate containing large blocks of Paleo- 
zoic quartzite and limestone. This earlier 
andesite series, largely fragmental, is capped 
by very extensive flows of mica-andesite and 
pyroxene-andesite. 

A dioritic mass covers an area of several 
square miles on the western slope. On the 
north this rock cuts the Carboniferous lime- 
stone and includes blocks of the quartzite and 
limestone hundreds of feet in diameter. Here 
the rock is a typical granular hornblende-dio- 
rite. On the south the intrusive mass breaks 
across the volcanic cone and the rock is a 
diorite-porphyry. Dikes from this mass extend 
into the tuffs and connect with the overlying 
andesite flows. On the crest of the range no 
division line can be drawn between the ande- 
site flows and the diorite-porphyry intrusive. 
In a continuous rock-mass a perfect gradation 
is seen between a granular diorite and a glassy 
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andesite. The dioritic intrusive is, therefore, 
the youngest rock of the area and occupies the 
stock or neck through which the later flows of 
andesite were erupted. 

The meeting closed with a brief description, 
by Mr. A. C. Spencer, of a ‘blow-out’ near 


Mancos, Colorado. 
W. F. Morsett, 


PHILOSOPHICAL SOCIETY OF WASHINGTON, 

THE 482d meeting of the Philosophical So- 
ciety was held March 19th, at the Cosmos Club, 
at8p.m. The first paper of the evening was 
by the President, Professor F. H. Bigelow, on 
‘The State of the Philosophical Society. An 
interesting table of statistics was presented and 
discussed, from which encouraging conclusions 
were drawn in regard to the future work of the 
Society. The second paper was by Mr. Herbert 
Friedenwald, on ‘The Declaration of Inde- 
pendence—a Summary of Colonial Grievances.’ 
In the address the following facts were brought 
out and emphasized : 

The Declaration as a_ political document 
marks a significant point in the history of the 
Revolution. Jefferson was chosen to draw it 
up because of his familiarity with colonial his- 
tory, and because of the feeling that he was the 
fittest man to summarize the grievances of the 
eolonies. In so doing he omitted no material 
point in the ‘long train of abuses,’ and the 
Declaration, therefore, is a brief, yet eloquent, 
account of the political contest that waged be- 
tween England and America for more than 
hundred years. 

It has not been so viewed by the historians of 
the period, with the result that from no histories 
is it possible to get at the true meaning of the 
counts in the indictment against King and Par- 
liament. 

Each of these charges was then taken up in 
turn and, from a study of the sources, was 


elucidated. 
E. D. FRESTON, 


Secretary. 


ENGELMANN BOTANICAL CLUB. 

THE Club met at the Shaw School of Botany 
on Thursday, March 10th, thirty-three mem- 
bers present. Professor William Trelease dis- 
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cussed the plans for the formation of a catalogue 
of the local flora. He made numerous sugges- 
tions as to methods for collecting the lower 
plants, illustrating his remarks with specimens. 
Three new members were elected. 

The Club met again on March 24th, thirteen 
members present. Dr. N. M. Glatfelter ex- 
hibited specimens of Salix cordata and discussed 
the adnacy of their filaments as well as re- 
duplication in some cases. He showed that 
adnate filaments, partial or more or less com- 
plete, are quite common, a circumstance never 
mentioned before by authors. Two free stamens 
in thisspecies have always been recognized here- 
tofore, and only that acute observer, W. Barratt 
(in Monograph of North American Willows), ad- 
mitted two or three free stamens. Dr. Glat- 
felter exhibited specimens having three to five 
filaments with as many anthers. The filaments 
were united in various ways, sometimes in sets 
of two each, sometimes four all joined half way, 
in several cases even five, more or less grown 
together. One or two anthers were usually im- 
perfect. The specimens were taken from a tree 
of Salix cordata var. vestita. 

Another series of specimens of Salix cordata 
X var. vestita < S. sericea were exhibited, show- 
ing matured catkins which had not been pol- 
linated, as the staminate flowers had all disap- 
peared much earlier, thus limiting the further 


propagation of this particular form. Three new 


members were elected. 
HERMANN VON SCHRENK, 
Secretary. 


NEW YORK ACADEMY OF SCIENCES—SECTION 
OF GEOLOGY AND MINERALOGY, 
MARCH 21, 1898. 

THE paper of the evening, illustrated by 
lantern, was by Dr. Heinrich Ries, entitled 
‘The Clay and Kaolin Deposits of Europe.’ 
Dr. Ries sketched briefly the geographical dis- 
tribution of the kaolin deposits and their rela- 
tion and comparison to similar deposits of 
America. He then gave special attention to 
the deposits of Great Britain, Belgium, Den- 
mark, Germany and Austria, and mentioned 
briefly those found in other regions. He de- 
scribed particularly the deposits of Cornwall, 
which are found in association with veins of tin 
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in granite areas, where it is supposed that the 
feldspar has been changed to kaolin through 
the influence of fluoric fumes rising from below. 
These products are very pure, containing 
ninety-seven and one-half per cent. of clay sub- 
stance. He also spoke of the ball plastic clays 
found in southwestern England, which occur in 
lenses in large beds of sand and are used to mix 
with non-plastic kaolins. Refractory clays are 
found in England and Scotland in the Car- 
boniferous rocks and are worked by under- 
ground mining. Impure clays, used for bricks, 
are particularly found in the vicinity of Lon- 
don. The Staffordshire blue brick, Fuller’s 
Earth and Bath brick deposits were sketched 
briefly, and the technological treatment in Great 
Britain, Germany and the United States was 
compared. The latter part of the paper was 
devoted to a rapid summary of the position, 
quality, uses and manner of mining of the 
famous clays of Bornholm, Denmark ; of the 
Glasspot clays of southeastern Belgium ; of 
the kaolin deposits of Limoges, France, and 
the deposits of Prussia. 

Professor Henry F. Osborn described the 
progress made this year, through international 
effort, in correlating the larger divisions of the 
fresh-water Tertiary deposits of Europe by a 
study of the vertebrate remains. 

Professor James F. Kemp was elected chair- 
man of the Section and Dr. Heinrich Ries secre- 
tary for the ensuing year. 

RICHARD E, DopGE, 
Secretary. 


NEW YORK SECTION OF THE AMERICAN CHEM- 
ICAL SOCIETY. 

THE regular monthly meeting of the Society 
was held on March 11th at the College of the 
City of New York, Dr. Wm. McMurtrie in the 
chair. On recommendation of the chairman, 
speaking in behalf of the Executive Committee, 
the time for the election of officers was changed 
from the October to the June meeting, to al- 
low the newly elected officers an opportunity 
to prepare the work for the ensuing year during 
the summer months. Dr. Bogert called the at- 
tention of the members to the fact that anyone 
interested in zoo-chemistry and wishing to do 
research work in that direction might avail him- 
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self of the benefits of the John Strong Newberry 
fund. 

The first paper on the program was a paper 
by W. P. Mason, describing a ‘ New Bacteria 
Counter.’ In the absence of Professor Mason, 
the paper was read by Dr. Bogert and illustrated 
by an example of the apparatus described. 

The second paper was by Dr. J. H. Stebbins, 
on the ‘ Action of Sulphuric Acid on Thymol.’ 
Dr. Stebbins exhibited some photographs of the 
crystals of the compounds formed in his investi- 
gation. 

A paper by Messrs. Wm. K. Alsop and J. H. 
Yocum, on ‘The Composition of the Ashes of 
Some Raw Tanning Material,’ was read by Mr. 
Yocum. One of the interesting points empha- 
sized by the author was the large amount of 
manganese found in some of the ashes, rather 
unusual in the vegetable kingdom. 

P. H. Conradson described ‘Some Laboratory 
Experiments on Standardizing and Investiga- 
ting Viscometers.’ Dr. Conradson mentioned 
that there were about as many viscometers as 
there were oils, and that they all left a great 
deal to be wished for. He gave a very interest- 
ing description of the various kinds in use, il- 
lustrating his remarks by charts and drawings. 
A general discussion followed. 

The session was closed by a paper on the 
‘Technology of Glue,’ by E. R. Hewett. Dr. 
Hewett gave a very complete description of the 
manufacture of glue, including its history and 
chemistry, and also exhibited a large number 


of specimens. 
DURAND WOODMAN, 


Secretary. 


ALABAMA INDUSTRIAL AND SCIENTIFIC SOCIETY. 

THE eighth annual meeting of this Society 
was held in the city of Birmingham, March 4, 
1898, President Truman H. Aldrich in the chair. 
Twenty members and a number of visitors were 
present. The Secretary, in making a report 
upon the statistics of mineral production, called 
attention to the difficulty encountered in induc- 
ing the producers to send in their returns 
promptly, and suggested that the Society recom- 
mend that the representatives from Jefferson 
County to the next General Assembly be re- 
quested to amend the State Mining Law in 


such a way as to secure prompt ret 
committee consisting of the Secretary, J) 
Montgomery and J. D. Hillhouse was appoini 
to draw up the desired amendment. 

Henry McCalley, exhibited and explai 
the Society a manuscript map of the W; 
Coal Field, prepared under the auspices of} 
Geological Survey and soon to be publish 
which were shown the outcrops of all the 
portant coal seems of that region. Dr. Willi 
B. Phillips, gave a short account of his 
examinations of some brown ore deposits1 
Leeds, and made some remarks concerning! 
probable mode of formation of the ore bi 
Dr. Phillips also gave an account of somes 
periments recently carried out by himself a 
others in Pittsburg upon the coking of 
Alabama coal from the Pratt seam, in a by- 
uct plant. The experiments were most 
factory, and the Doctor expressed the o 
that when this by-product plant was p 
operation in Alabama a number of small 
tries which use these products would 
spring up. 

The reports of the Secretary and of the 
urer were then rendered. The Society h 
this time 41 active members, and this nu 
was increased at the meeting by the electi 
seven new members. 

The address of the retiring President 
then delivered, in which the object and 
the Society were recited and some of the re 
pointed out which had followed from its e 
He also made some suggestions as to wh 
Society might further undertake. The 
election of officers was then held with 
lowing result: President, Professor M. 
Wilson, of Florence; Vice-Presidents, J. 
Moore, of Blocton, and Chas. J. Geohegam,) 
Birmingham, the four other Vice-Presidél 
holding over being Joseph Squire of He 
James H. Fitts, of Tuscaloosa, Jno. A. 
gomery, of Birmingham, and J. W. Mine 
Thomas. The Treasurer, Henry McCalley, 
Secretary, Eugene A. Smith, were con 
The meeting then adjourned until some 
May, next. After the meeting the me 
and visitors dined together. 4 

EvGENE A, SMITH, — 














